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The State of a Small Amount of Magnesium Contained 
in Calcareous Shells 


By Yasushi KrrAno* and Tsuyako FURUTSU 


(Received March 23, 1959) 


The distribution of magnesium in cal- 
careous parts of marine organisms was 
studied by K. E. Chave; he listed the 
factors which controlled distribution of 
magnesium in the calcareous skeletal 
formation of marine organisms”. He was 
also the first to succeed in determining 
the state of magnesium by using X-ray 
diffraction technique. The magnesium 
content of the sample in his study was 
from 2 to 16% MgCO,; in weight. He 
concluded that magnesium carbonate was 
present as a solid solution of calcite and 
dolomite**: With his own X-ray diffrac- 
tion technique, however, Chave was not 
able to determine the state of magnesium, 
when the content was more than 16% or 
less than 2% MgCO,. There are a large 
number of calcareous shells having a 
magnesium carbonate content less than 
2%. One of the authors, Kitano, was the 
first to devise a new method for determin- 
ing the state of a small amount of mag- 
nesium contained in calcium carbonate 
deposits from hot springs, as reported in 
earlier papers®’-”. This technique was 
called the ‘‘ Dissolution Method’’. In the 
present paper the same method is applied 
for calcareous shells. The process greatly 
simplifies the determination of the state 
of magnesium in calcareous shells. 


Principle of Dissolution Method 


As to the state of magnesium*** in cal- 
careous shells or organisms, there are only 











three possible forms, magnesium carbon- 
*Present address: Water Research Laboratory, Faculty 
of Science, Nagoya University, Chikusa-ku, Nagova 

1) K. E. Char J. Geol., 62, 266 (1954) 

** In this connection, the authors can write present 
as a solid solution composed of calc and magnesite”’ 
As to these two expressions there appears to be no es 
sential differenc 

2) K. E. Chave, ibid., 60, 199 (1952) 

R. I. Harkey and O. F. Tuttle im. J. S 253 
(1955) 

) R. LH y and O. F. Tuttle 274 ( 

>) Y¥. Kita ‘4 Sr Japa , S 
(Nippon & t Zasshi), 77, 21 

6) Y. Kit bid., 77, 21 5 

7) YT. Mit ibid., 7 8 (1 
‘ It sec t to sa ‘magnesium carbonate 
instead of 


ate, dolomite and a solid solution of 
calcite and dolomite. When the authors 
closely examine the three forms from the 
crystallographic point of view, magnesium 
carbonate can not be expected, and con- 
sequently there are only two _ forms, 
dolomite and a solid solution, to be 
determined. When carbon dioxide gas is 
passed into a suspension of calcite mixed 
with dolomite or a suspension of calcite 
with a solid solution of calcite and dolo- 
mite, the dissolved quantity of magnesium 
can be expected to differ for each of the 
two magnesium compounds. Therefore, 
the state of magnesium present in calcare- 
ous shells can be determined by knowing 
the quantity of magnesium dissolved by 
carbon dioxide aerated water. 


Experimental 


Materials. — Calcite. —Commercial reagent of 
extra pure grade is used without further puri- 
fication. 

Aragonite. —The same volume of 1N CaCl, 
solution is added gradually to the boiling solution 
of 1N Na2CO;; the separated precipitate of 
aragonite is washed with pure water and allowed 
to drv. 

Magnesium carbonate. — Since it is difficult to 
prepare magnesium carbonate, basic magnesium 
carbonate (extra pure grade) is used instead of 
magnesium carbonate. When MgCQO;-7H:.0 is 
suspended in water, it changes quickly into basic 
magnesium carbonate, which proves that MgCO,- 
nH-O is more unstable in water than basic 
magnesium carbonate». Consequently for the 
purpose of this experiment, the authors use basic 
(MgO 44.294) instead of 


magnesium carbonate 


magnesium carbonate. 
TABLE I. CONTENT OF CALCIUM AND MAGNESIUM 
IN FOUR KINDS OF SEA URCHINS 


Ca CaCO Mg MgCO 
No 
32.83 82.08 3.49 12.08 
2-a 34.82 87 .05 3.07 11.62 
3-a 33-91 87.78 1.05 14.01 
t-a 35.50 88.75 3.50 ae 
& Y. Hagir Bull. S S Science Vit S 
Gakk } ss ( 
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Solid solution of calcite and dolomite.— For this filter paper, the magnesium content in the filtrate 
experiment the shells of four kinds of sea urchins is determined. By comparing the dissolved 
are used. The magnesium carbonate in the quantities of magnesium in shells with those in 
shells, as found by using X-ray diffraction mixed samples of calcite and possible magnesium 
technique, is contained as a solid solution. The compounds in shells, the state of magnesium in 
magnesium content of each kind of shell is given calcareous shells can be determined. 
in Table I. 

Dolomite. Because it is difficult to prepare = 20+ / 
this material in a laboratory, the authors use 5 / 
the dolomite found in the Kuzuo Mountain 2 f 
District of Tochigi Prefecture. oh : 

(Anal.: CaO, 33.80; MgO, 19.37; clay, 0.22%.) = / 

\n organic substance, a protein, is always = / 
present with minerals in shells, and its presence ~ = b t 
makes the minerals stable. Therefore, when “ee j 
inorganically prepared minerals are suspended & si iy 
in water, they are less stable than minerals ~ / ae 


containing an organic material In this experi- 
ment the authors would prefer to use minerals 


a 
~ 

f 

t 


which contain an organic material, but since 
those can not be obtained, inorganic compounds 


Dissolved quantity 
M 


have to be used. Judging from results given in 
detail later, however, the use of inorganic 








minerals, calcite and dolomite, is found to be 


suitable. » Magnesium content 
Procedure. — The best procedure for the de- Mg (mg./2.5 g.-sample) 

termination of the magnesium state is as follows: Fig. 1. Relationships between magnesium 

Two and a half gram of powdered sample. content and quantity of magnesium 

(- 325 mesh), are suspended in 200ml. of pure dissolved by COb:-aerated water, for 

water. Carbon dioxide gas, washed by passing possible magnesium compounds in cal- 

through water, is passed into the suspension for careous shells. 

25 min., and is allowed to stand for 10 min. l-a—e 2-a—e 

After filtering the suspension with No. 6 Toyo 3-a—e @ 4-a-—e 


TABLE II. DISSOLVED AMOUNTS OF CALCIUM AND MAGNESIUM IN CQO2-AERATED 
WATER, CALCITE-SHELL OF THE SEA URCHIN, AT ROOM TEMPERATURE 


Sample Dissolved quantity Ratio in 
dissolution* 
Shell CaCO; Ca Mg MgCO Ca Mg Ca Mg 
g. g. ) 0 2% mg. mg. mg./200 ml. mg./200 ml. Ca,% Mg,% 
i-a y 0.0 32.83 3.49 12.08 821 87 85 7.6 10 8.7 
1-b 2.0 0.5 34.26 2.78 9.62 857 70 82 6.4 9.6 9.1 
l-c 1.0 1d 36.80 1.39 6.7 928 35 76 5.4 8.1 15 
l-d 0.5 2.0 38.58 0.70 2.42 964 17 74 2.6 Pe 15 
l-e o.2 + ae 39.43 0.28 0.97 986 7.0 71 0.9 Fe 13 
2-a 25 0.0 34.82 3.07 11.62 871 77 82 8.5 9.4 11 
2-b 2.0 0.5 35.86 2.46 8.51 896 61 80 6.7 8.9 1 
2-c 1.0 > 37 .93 1.23 1.26 948 3 70 3.1 7.4 10 
2-d 0.5 2.0 38.96 0.61 2.11 974 15 70 2.0 Pe 13 
2-e 0.2 ye 39.59 0.25 0.85 990 6.1 72 .8 i.s 13 
3-a , 0.0 | 1.05 14.01 838 101 76 8 9.0 6.6 
3-b 2.0 0.5 34.81 3.24 11.21 870 81 7 ie 8.2 7.0 
3-c 1.0 1.5 37.40 1.62 5.61 935 41 68 2.6 Pr 6.3 
3-d 0.5 2.0 38.70 0.81 2.80 968 20 67 2.3 6.9 12 
3-e 0.2 i 39.48 0.32 1.11 987 8.1 68 2.2 6.9 29 
1-a 2.9 0.0 35.50 3.90 12.11 888 88 82 5.6 9.2 6.4 
1-b 2.0 0.5 36.40 2.80 9.69 910 70 78 3.9 8.6 5.6 
1-¢ 1.0 LS 38.20 1.40 4.84 955 35 70 2.4 7.4 6.9 
1-d 0.5 2.0 39.10 0.70 2.42 977 18 65 3D 6.6 8.7 
1-e 0.2 ee 39.64 0.28 0.97 991 7.0 68 0.6 6.9 8.1 


* (dissolved quantity/content in sample) x 100 





—— 


—— ori 


iS 


i in Calcareous Shel 


agnesium Containec 


Mz 


ount of 


a Smal] Am 


» of 


tate 


The 


January, 1960] 














UOT IN[OSSIp 








89 
OL 
IS 
8's 
6°L 
P°9 
P'S 
9°8 
c'9 
Ps 
c’8 
[°8 
9°l 
an) 
BL 
£°8 
) 
9°L 
6°8 
a°9 
8°9 
ey 
6°2L 
2°8 
£°9 
2 8 
6 
9°8 
€'Z 
8°8 
r'6 
1°8 
vo 
ui o1yey 


7 























“TM 006 


BIN 


‘Sur "yu ggg /*sur 











c9 o°91 
L9 £°6 
BL ae A 
lL 66 
IZ €6 
¢ c’9 
LE 
bl €l 
et 
OL $ 
L8 SI 














6¢ 
6L IZ 
LZ 

Ll 0°? 
02 

0°0 

bell 

0°0 

a | 
cl 

LL €°l 
Fl ¢ 
cS Il 
l £2 
cg 0g 
cs LG 
Gl Gt 
89 I€ 
08 LI 
18 9I 
LL 02 





Ye) 


Ayiquenb poajossiq 


S 


1OINV A 


AMOALVAAdIWNAL 
1\ 


“Ma.LVM GALVAAV-"OOD NI 





0S6 


£96 


8rs 





856 


C96 





WOON’ 


G's 


82° 
00°T 














LS°9 
00°0 
6S°0 
0L* 
00° 


lo 
Te 
a. 





OO38W 


ajdures 


HMSANOVW ANV 





c9°0 00°*8E 
Ze°0 ro a oe 
0 IS*8€ 
€ €6°€E 
I 90°9¢ 
0 Ig Lé 
I €0° LE 
ra 62° FE 
IZ°T 06° 9€ 
€2°T 8l°LE 
6¢°0 l€ SE 


19°0 0S* 


Aime) 00° 
c6°0 0OL° 


Ic'l 02° 


62° 1 09° 











10° 
I 
s90 IL 
Ig0 © 68° Ze 
3IN a) 


LV “STTAHS SNOAAVIOTVO 


(uvAUoOg) 119ZjnN\s vIdIIOS 990119 
(AqIoMOG) SISUDUIS BYSIT]VD 

é 
[[I449A luUUvU SnodAloIIjsy 
joo1-[B109 
jO91-[B1IO09 

é 
‘ds ¢ stjsojndiag 
‘ds vai1jso 
assely vuvisewoy) vurdey 

é 
(9A90y) voruodef viuolAqeg 
(9A99y) voruodel vieulsog 
(SuIpoy) eVWAPpIp sadruAlog 
Avf voruodel vAp 
(SUdJILIY) J]OZaTYOs sisdowApY 
(19yuUNnq) IsudyIeP_Y vpr}dulg 
(94¥YISI]) ByeudTDUNS vAILprUYy 
(AqIaMOS) snjeindind snwopixes 
AYAYOSI'T VSOT[AWILJASUOpP vAIISEC 
(9A00qy) votuodel vulny 
AYYISI'T VISOWSSVID SNA 
assoly vuvisewWoY) vurdey 
(1ojsny) OWOoj}soayN], vuuo Ly 
(9A00y) voluodel evwolAqeg 
vuUlApIp (Xv[Ne sseIs) BIIaAIDN 
SUDISIAAT (VYIOIN) 4 
vpoiny sisuauoddw sswerjy9 
Siaquny yp svsis (vavajsossivg) vais¢O 
(iddijiyd) eydAjsno viydeg 
(SuIpoy) pliosny xiajor90y 
(sadpysaq) votuodel viepssury sidnasua, 


(Q4yosI'J) stsosopal vovyi0j01g 


snuary 


JO SANIM 


WHIOTVD JO SLNNOWV GHATOSSIGQ ‘“[]] ATAV 


a YC 


N 














9T 
Sl 
rl 
€l 
él 
Il 
Ol 


Jaquny 
ajdues 





4 Yasushi KITANO and Tsuyako FURUTSU 


Results 


Fig. 1 shows the relationship between 
the amount of magnesium dissolved by 
carbon dioxide aerated water and the 
magnesium content in mixed samples of 
calcite**** and dolomite”. In Table II 
and Fig. 1 the relationship is given for 
mixed samples” of calcite and four kinds 
of sea urchin shells. When magnesium is 
contained as dolomite, it is difficult to find 
any dissolved quantity of magnesium, as 
is seen from Fig. 1. It may be expected 
that dolomite becomes more stable and no 
dissolved quantity of magnesium can be 
found when it is present with an organic 
material in calcareous shells. Therefore, 
it is quite suitable to use in this experi- 
ment native dolomite mineral having no 
organic material. 


Determination of the State of Magnesium 
Contained in Calcareous Shells 


The above procedure is applied to various 
kinds of calcareous shells and the results 
are given in Table III and Fig. 2. Fig. 2 


/200 ml.) 
S 


magnesium 


Dissolved quantity of 
Mg (mg. 





Magnesium content 
Mg (mg./2.5 g.-sample) 


Fig. 2. Relationships between magnesium 
content and quantity of magnesium 
dissolved by CQO,-aerated water, for 
various kinds of calcareous shells. 


**** Two kinds of calcium carbonate, viz. calcite and 
aragonite, are used, and no difference between the dis- 
solved quantities of magnesium for these two calcium 
carbonates can be found Almost the same amount 
of calcium carbonate in shells, coexisting with an organic 
material, as the amount of inorganically prepared calcium 
carbonate can be dissolved by carbon dioxide aerated 
water. Hence, the use of inorganically prepared calcite 
instead of calcium carbonate coexisting with an organic 
material, is justified. 

9) Fig.1also shows the relationship in mixed samples 
of calcium carbonate and magnesium carbonate®? It can 
be expected that the dissolvec 
in the solid solution will be higher than that in mag- 


1 quantity of magnesium 


as seen in Fig 1, the latter 
former. That the solid 


nesium carbonate However, 
is in reality higher than th 


solution used 





in this exper is made stable by a 





coexisting organic material 


between the pres 


responsible for this 





discrepancy 1 and actual results 
(The presence of magnesium car! 
expectcd in calcareous shells, as mentioned earlier) 


can not be 
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includes the result obtained for mixed 
samples of calcite and dolomite as well as 
for mixed samples of calcite and a solid 
solution of calcite and dolomite. From 
the results given in Fig. 2, it is inferred 
that a dissolved quantity of magnesium in 
calcareous shells comes from a _ solid 
solution’”. Therefore, it can be concluded 
that magnesium carbonate, having a 
content less than 2% in weight, is contained 
in calcareous shells as a solid solution. 
Meanwhile K. E. Chave reported that 
magnesium carbonate, having a content 
from 2 to 16% MgCO;, was present in 
calcareous shells as a_ solid solution. 
Kitano reported previously that magnesium 
in limestone was always present as dolo- 
mite’. It is known that limestone in 
nature comes from calcareous shells. 
Consequently, it may be expected that 
the natural state of magnesium changes 
from a solid solution into dolomite during 
the process of limestone formation from 
calcareous shells. This finding is im- 
portant and useful for an understanding 
of the formation of limestone in nature. 


Summary 


An original method (Dissolution Method) 
for determining small amounts of mag- 
nesium contained in calcareous shells has 
been devised, and the state of magnesium 
has been determined by this method. As 
a result, it can be verified that small 
amounts of magnesium in calcareous shells 
are always contained as a solid solution 
of calcite and dolomite. 


The authors express their sincere thanks 
to Mr. Sakae Ichihashi of Osaka City 
University for his advice given throughout 
this work. 


Chemical Institute - 
Faculty of Science 
Kobe University 
Koli 


10) From Fig. 2, it is clear that the dissolved quantity 







and shell of four 
be understood by the 


in mixed samples of calcium cz nate 
kinds of sea urchins. This 
following findings: 1) By mixing calcium carbonate 

M ; 


with a sea urchin’s shell in which 16% gCO, is contained 









as a solid solution, the aut semples contai 


ing a small amount of m a solid solution 






It can be expected that dissolved quantity in the 
mixed sample wil! be higher than that in natural shell 
samples, because a solid solution is less stable with an 
increas¢ ot znesium 4 T eT ) ince some calca 
reous shells are yt fre appears possible that a part 
of the solid solution changes to a stable dolomite. 


ed 
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Estrogenic Biphenyls. VIII. Preparation and Estrogenic Activity of 
4'-(1-Hydroxyalkyl)-4-methoxybiphenyls 


By Takeo SATO 


(Received April 20, 1959) 


According to the hypothesis presented by 
Oki and Urushibara” to account for the 
estrogenic activity of non-steroidal com- 
pounds of the stilbene-bibenzyl type, the 
activity is closely associated with the 
molecular structure in that the develop- 
ment of strong action requires not only 
the presence of two active hydrogens or 
any groups capable of producing such in 
vivo at the optimum distance from each 
other, but also optimum thickness and 
width of the molecule. Therefore, the 
problems in studying the relation between 
the physiological action and the molecular 
structure in a homologous or an analogous 
series of compounds will be 1) the distance 
between the active hydrogen atoms in 
question, 2) the molecular thickness and 
width, and 3) the nature of the active 
hydrogens or the groups carrying them. 

As for the biphenyl series Dodds and 
Lawson” reported that 4, 4'-dihydroxybi- 
phenyl (I) was almost inactive. As the 
recent X-ray crystallographical investiga- 
tion’ of compound I revealed that the 
molecule of compound I has the unit cell 
constants of a=10.54A, b-5.36A andc 
7.099 A, the distance between the two 
phenolic groups is apparently less than 
that between the two hydroxyl ‘groups of 
steroidal hormones or stilbestrol in which 
the distance between the two oxygens was 
reported to be 15.5A Furthermore, 
the molecule of compound I is planar or 
nearly planar” owing to the full conjuga- 
tion of the biphenyl system and this is 
also considered to be unfavorable for the 
development of strong estrogenic activity. 
In this respect, 4-hydroxybiphenyl-4’-car- 
boxylic acid (Ila) and its derivatives with 
two active hydrogens at a longer distance 


1) (a) M. Oki and Y. Urushibara, This Bulletin, 25, 
109 (1952). (b) J. Grundy, Chem. Re . 57, 281 (1957). 
») E. C. Dodds and W. Lawson. Proc Ro Soc., 


(London), B125, 222 (1938). 
3) S.C. Wallwork and H. M. Powell, Nature, 167, 1072 
(1951) 


1) Although electron diffraction data indicate the two 
benzene rings in biphenyl make an angle of about 45° 
in gas, X-ray diffraction analyses show that biphenyl] is 
a planar molecule when it is solid? 


were prepared and found to be estrogenic 
While this manuscript was in preparation, 
however, Y. Osawa® observed that com- 
pound I, its dimethyl ether and derivatives 
were considerably active, compound I 
being active at 5007 in 100% animals 
(ovariectomized mice), whereas com- 
pound Ila was active in 60% animals at 
the same level”. Though the present 
author can give no comment on this con- 
tradiction in the activity of compound I, 
there might be another optimum distance 
of two active hydrogens. 

The activity of 4-methoxybipheny]l-4’- 
carboxylic acid (IIb) was enhanced 
markedly by alkyl substitution, namely, 
by increasing the molecular thickness and 
width, and its dialkyl derivatives, in 
which positions 3’ and either 2 or 6’ were 
substituted, produced full estrus in 100% 
of the mice at a dose of 1007 in spite of 
the methylation of the phenolic hydroxy] 
group 

In connection with the third problem, 
!’-hydroxymethyl-4-methoxybipheny] (IIIa) 
has been prepared to obtain a confirmation 
for the postulation that a compound with 
a group other than carboxyl but carrying 
an active hydrogen will be. similarly 
estrogenic, provided that it has two active 
groups at a similar distance. 

A number of analogues of bisdehydro- 
doisynolic acid methyl ether (IVa), to 
which the compounds of the _ present 
series are structurally related, including 
the compounds with hydroxymethyl (IVb) 
and formyl! (IVc) groups instead of the 
carboxyl, have been prepared“ and found 
considerably active though slightly weaker 
than the carboxylic compound (IVa). The 
assumption that they are oxidized in vivo 
to 1Va is quite probable and may serve 
as an explanation for the somewhat 


») See r. Sato and M. Oki, This Bulletin. 32, 1289 
(1959); also earlier papers of this series 
6) Y. Osawa, Doctorate Thesis, the University of 


Tokyo (1959) 
7) M. Oki and T. Sato, This Bulletin, 30, 508 957 
%) (a) J. Heer and Miesher, Helv. Chim. Acta, ® 


777 (1947). (b) G. Anner and K. Miesher, ibid., 29, 1071 
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weaker activity. As methyl ketone IVd 
was found to be very weakly estrogenic”, 
it would be worthwhile to examine a 
compound with a secondary hydroxyl 
group which on oxidation would yield a 
ketone. Such compounds of the present 
series, namely, IIIb and IIIc have been 
synthesized. It appears of interest to 
note a similarity in the bond arrangement 
of compound IIIc, which is represented 
as V, with estradiol (VI). Rubin and 
Wishinsky”’ have already prepared com- 
pound VII as a bicyclic analogue of 
estradiol but not mentioned the activity. 





HO OH I 
RO-<¢ >< »-COOH 
R 
Ila H 
b CH 
R 
CH,0-<¢ » =< »-CH-OH 
R 
IIla H 
b CH 
c C.H 
OH 
R 
C.H 
CH;0°%, CH,O 
R 
IVa COOH V 
b CH,OH 
c CHO 
d COCH 
OH OH 
[7 
HO HO’ 
VI Vii 
Compound IIIa was obtained through 


reduction of methyl 4-methoxybiphenyl-4’- 


carboxylate (VIII) 
compound IIb, with 
hydride in ether. 


lllb and 


IIIc 
borohydride 

methoxybiphenyl 
propionylbiphenyl (X), respectively. 


were 


methoxyketone IX 


9) M 
68 ® (1946) 
10) L. F 
? &. € 


Rubin 


and H. Wishinsky, /. An 


Fieser and C. K 
Anderson and 


from 
aluminum 


» prepared 
lithium 


The alkyl homologues 


prepared by 
reduction of 
(IX) 


was 


sodium 
4'- acetyl -4- 
!-methoxy-4’- 
The 
from 


and 


prepared 
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Bradsher, ibid.. 58, 1738 (1936) 
Ww 


A. Fisher, ibid., 66, 594 
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4-methoxybiphenyl (XI) by Friedel-Crafts 
reaction according to the literature'’:'”. 
Similar treatment of compound XI with 
propionyl chloride and aluminum chloride 
in carbon disulfide gave the ethyl ketone 
X, the structure being confirmed by oxida- 
tion to the corresponding carboxylic acid 
IIb likewise the methyl ketone IX 


IIb —» CH,O COOCH, > Illa 
VIII 
cH,0-¢ Y-¢ .cH.0-¢ Y COR 
R 
XI IX CH 
X CH 


> IIIb or IIc 


Ultraviolet absorption spectra of these 
alcohols are recorded in Table I with the 
data of compounds IIb and XI. Compound 
IIla showed a strong absorption at 264 my 
whereas the homologues IIIb and IIIc 
absorbed at 263my. The curves are very 
similar and the intensities are nearly the 
same. As the hydroxymethyl -group is 
only very weakly bathochromic’’’, the 
absorption curves resemble that of 4- 
methoxybiphenyl (XI) and differ markedly 
from that of IIb, where additional con- 
jugation with the carboxyl group is pos- 
sible. These data are also taken as a 
confirmation of the structures. 


TABLE I 
ESTROGENIC ACTIVITY 


ABSORPTION MAXIMA AND 


Dose in ; 


Compound si : : log. (% of response 
C m/t : ee 
in mice) 
IIb 248~249 289 1.36 1000 (50) 
IIIa 158~159 264 4.32 1000 (60) 
b 122~123 263 1.34 200 (80) 
c 91~ 92 263 1.34 200 (80) 
XI 89 260 1.31 


Compound IIIa was found to be estro- 
genic to 20% of mice at the dose of 5007 
and to 60% at 1mg., being nearly equally 
active as compounds Ila’ and IIb'”. In 
compounds IIIb and IIIc, an increase in 
activity was encountered and they were 
active to 80% of animals at 2007 level. 
It is noteworthy that the compounds 
which are secondary alcohols and racemic 


12) W.S. Johnson, C. D. Gutsche and R. O. Offer 
hauser, ibid., 68. 1648 (1956) 

13) G. H. Beaven, D. M. Hall, M. S. Lesstie and E. E 
Turner, J. Chem. Soc., 1952, 854; G. H. Beaven, D. M. Hall 


M. S. Lesslie, E. E. Turner and G. R. Bird, ibid., 1954, 
991 

Lol 

14 Tr. Sato and M. Oki, This Bulletin, 30, 859 (1 
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are more active than the hydroxymethyl 
compound. 


Experimental! 


Methyl! 4-Methoxybiphenyl-4'-carboxylate (VIII). 

The methyl ester was obtained as colorless 
plates, m.p. 172~173°C, on esterification of 
1-methoxybiphenyl-4'-carboxylic acid (IIb) in the 
usual way. Reported''» melting point is 172~ 
7a. 

4'-Hydroxymethyl-4-methoxybipheny! (IIla)..-To 
an ethereal slurry made from 100 mg. (0.0026 mol.) 
of lithium aluminum hydride and 20 ml. of ether, 
a solution of 240mg. (0.001 mol.) of compound 
VIII in 100 mi. of ether was added over a period 
of 10min. with efficient stirring. The reaction 
mixture was gently refluxed on a bath for one 
hour and then allowed to stand. After the 
excessive reagent was decomposed with water, 
50 ml. of 10% sulfuric acid was added and the 
aqueous layer was extracted with ether. The 
ethereal solution was successively washed with 
water, aqueous sodium hydroxide and water. 
On evaporation of the solution and recrystalliza- 
tion of the residue from benzene yielded 100 mg. 
of colorless plates, m. p. 158~159-C. 

Ana Found: C, 78.80; H, 7.06. Caled. for 
Ci4H:,02: C, 78.48; H, 6.59%. 

Phenylurethan.—It was prepared in the usual 
way as colorless plates melting at 140~141°C on 
recrystallization from carbon tetrachloride. 

Anal. Found: N, 4.42. Caled. for Cs;H;9O0,N: 


N, 4.20 
4'-Acetyl-4-methoxybiphenyl (1X). 1-Methoxy- 
biphenyl (XI), prepared'®» by decomposition of 


N-nitrosoacetanisidide in benzene, was acetylated 
with acetyl chloride and aluminum chloride in 
carbon disulfide. Recrystallization from isopropyl] 
alcohol gave compound IX, m.p. 
Reported melting point is 153~154°C!")!), 
4-Methoxy-4'-propionylbiphenyl (X).—Toa mix- 
ture of 15g. (0.082 mol.) of compound XI, 13g. (0.098 
mol.) of anhydrous aluminum chloride and 100 ml. 
of carbon disulfide, 8.0 g. (0.086 mol.) of propiony] 
chloride was added in the course of twenty 
minutes, while the reaction mixture was gently 
refluxed. After stirring and refluxing for addi 
tional thirty minutes, the mixture was decomposed 
with ice water containing hydrochloric acid. 
The product was washed repeatedly with cold 
ether and recrystallized from ethanol, colorless 
Yield, ll g. (56% of the 


152~153 





plates, m. p. 146~147°C. 
theoretical). 

Anal. Found: C, 79.86; H, 6.84. Calcd for 
CieHi,O2: C, 79.97; H, 6.71%. 

On oxidation with potassium permanganate and 
sodium hydroxide, compound X yielded a car- 


boxylic acid, which did not depress the melting 


15) t 


\ll melting points are uncorrected The author 
wishes to thank Mr. T. Mizushima of this laboratory 
for microanalyses 

16) J. W. Haworth and D. H. Hey, J. Chem. Soc., 1940 
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point of an authentic specimen of 4-methoxy, 
biphenyl-4'-carboxylic acid (248~249 C). 

2, 4-Dinitrophenylhydrazone.—\t was prepared in 
the usual way and recrystallized from ethyl 
acetate, deep red plates, m. p. 201~202 C. 

Anal. Found: N, 13.42. Caled. for CosH»O-N,: 
N, 13.33%. 

4'-(1-Hydroxyethyl)-4-methoxybiphenyl (IIIb). 
To a suspension of 3g. (0.016 mol.) of compound 
IX in 200ml. of methanol, 0.5g. (0.013 mol.) of 
sodium borohydride and 50 ml. of methanol was 
added in the course of 10min. After the addition 
was complete, the mixture was warmed to 60°C 
and stirred for two hours. Aqueous sodium 
hydroxide was added and a part of methanol 
was removed on a steam bath. The residue was 
diluted with water and the solid was collected. 
Recrystallization from aqueous ethanol gave 


¢ 


2.5¢. (68% of the theoretical) of colorless plates, 
melting at 122~123°C. 

Anal. Found: C, 78.62; H, 6.97. Calcd. for 
Ci;H;,.O2: C, 78.92; H, 7.06%. 

Phenylurethan. 
162~163°C, on _ recrystallization from 


Colorless plates, melting at 
carbon 
tetrachloride. 

Anal. Found: N, 3.82. Caled. for C2.H,;O,N: 
N, 4.03 

4'-(1-Hydroxypropyl)-4-methoxybipheny! (IIIc). 


In the same way as described above, 10g. 
(0.042 mol.) of compound X in 400 ml. of methanol 
was reduced with 1.5¢. (0.040 mol.) of sodium 
borohydride in 100 ml. of methanol to yield 7.5 ¢. 
(74 of the theoretical) of colorless plates, 


melting at 91~92-C on recrystallization from 
aqueous ethanol. 

Anal. Found: C, 79.28; H, 7.37. Caled. for 
CigHisO2: C, 79.31; H, 7.49%. 

Phenylurethan.—It was prepared in the usual 
way and recrystallized from carbon tetrachloride, 
colorless plates, m. p. 165~166°C. 

Anal. Found: N, 3.96. Caled. for Co.H.,O,N: 
N, 3.887%. 

Ultraviolet Absorption Spectra.—-The ultraviolet 
absorption spectra were measured in 95%, ethanol 
with a Hitachi EPU-2 photo-eiectric spectrophoto- 


meter. 
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Effect of Additives on the Hydrogen Reduction of Nickel Oxide 


By Yoshio ImDA and Kenzo SHIMADA 


(Received April 30, 1959) 


The effect of additives on hydrogen 
reduction of metal oxide was previously 
studied in view of the dissociation pressure 
of the oxide by Grube” and Sano”. Par- 
ravano®” recently studied the effect of 
additives on the reductive properties of 
nickel oxide from the point of view of a 
semiconductor and concluded that a direct 
correlation exists between the activation 
energy and the type of additives for the 
hydrogen reduction of nickel oxide. 

The present investigation has been under- 
taken to determine the effect of additives 
on the temperature at which nickel oxide 
begins to be reduced by hydrogen, and to 
ascertain whether or not the properties of 
a semiconductor are related to the reduc- 
tive properties of nickel oxide. 


Experimental 


Nickel nitrate recrystallized fuur times was 
heated at 800°C for 10hr. to obtain nickel oxide 
powder. The average particle size of nickel oxide 
powder was about 0.5 7 according to an electron 
micrograph. \luminum oxide powder obtained 
by heating c.p. aluminum hydroxide at 800°C 
for 10hr. Cupric oxide powder was obtained by 
heating c. p. nitrate salt at 800°C for 10hr. 

Powders were mixed and pressed at a pressure 
of 1000kg./cm* into tablets 10x10®mm. The 
compacts were heated at various temperatures 
in a silicon carbide furnace with a_ sintered 
corundum tubing. 

Weight loss during the reduction process was 
measured by a thermobalance which had a 
sensitivity of 0.5 mg. and could be used in hydro- 
gen, vacuum and, if necessary, in oxygen. 
Hydrogen was used from a commercially avail- 
able tank after being purified with concentrated 
sulfuric acid, hot platinum asbestos, potassium 
hydroxide, and phosphorous pentoxide. 

Electrical resistance was measured by a Wheat 
stone bridge in the range of room temperature 
to 400 C in air. 


Results 


Effect of Additive Aluminum Oxide.—In order 
to study the effect of additive aluminum 


1) G. Grube, O. Kuvashewuski and K. Zwinaues, Z 
Elektrochem., 45, 881 (1939). 
) K. Sano, J. Japan Inst. Metals (Nippon Kinzoku 
Gakukai-sin), 6, 339 (1942). 
) G. Parravano, J. Am. Chem. Soc., 74, 1194 (1952) 
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Fig. 1. Reduction-temperature curves of 
NiO-Al.O, mixtures heated at 1100°C 
for 4 hr. Curve 1 is for pure NiO and 
curves 2,3 and 4 are for the mixtures 
containing 1, 5 and 50mol. % of AlsO,, 


respectively. 


oxide on reduction of nickel oxide, the 
reduction-temperature curves were ob- 
tained at the rate of heating of 100°C/hr. 
NiO-Al,.O; mixtures of 99:1, 95:5, and 
50:50 mol. were heated at 1100°C for 4 hr. 
It is seen from Fig. 1 that the mixtures 
begin to be reduced at 300°C whereas pure 
nickel oxide begins to be reduced at 200°C. 
The reduction-temperature curve of the 
mixture 50:50 mol. ratio consisted of two 
stages. At the first stage the reduction 
takes place in the range of 300 to 400°C 
and the second stage reduction begins at 
700°C. 

Effect of Additive Lithium Oxide.-.A NiO- 
Li-O mixture of 95:5 mol. ratio was heated 
for 4hr. at 1100°C and the reduction-tem- 
perature curve was determined in the 
same way as described above. It is seen 
from Fig. 2 that the beginning temperature 
of reduction of the NiO-Li,O mixture is 
about 260°C and is higher that of pure 
nickel oxide and lower than that of the 
NiO-Al,O; mixture. The temperature at 
which reduction is completed is 800°C 
for the NiO-Li-O mixture and is higher by 
100-C than that of pure nickel oxide. It 
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Fig. 2. Reduction-temperature curves of 
CuO, NiO and mixtures of NiO and 
5 mol. of CuO, Li,xO and AIl.O:, 
respectively. CuO, NiO and the mixtures 
were heated at 1100°C for 4hr. 


may be concluded that the heated NiO- 
Li.O mixture becomes more difficult to 
reduce than to do pure nickel oxide. 
Effect of Additive Cupric Oxide. — The 
reduction-temperature curve for the NiO- 
CuO mixture of 95:5 mol. ratio heated for 
four hours at 1100°C was determined at 
the same rate of heating. It is seen from 
Fig. 2 thac the beginning temperature of 
reduction for the NiO-CuO mixture is 
160°C and is lower than that for nickel 
oxide. To confirm the fact more evident- 
ly, the isotherms of reduction at 160, 140 
and 120°C were obtained using the same 
samples described above. The result is 
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Fig. 3. Comparison between isothermal 
reduction of NiO-CuO mixture of 95:5 
mol. ratio heated at 1100°C and that 
of pure NiO. Curves 1, 2 and 3 repre- 
sent reduction of the NiO-CuO mixture 
at 120, 140 and 160°C, respectively. 
Curve 4 represents reduction of pure 
NiO at 180°C. 


Effect of Additives on the Hydrogen Reduction of Nickel Oxide ) 


shown in Fig. 3. Pure nickel oxide started 
to be reduced after an induction period of 
two hours at 180°C and the amount of 
nickel oxide reduced was about 80% even 
after a reducing period of 10hr. at 180°C. 
NiO-CuO compact of 95:5 mol. ratio heated 
at 1100°C, however, could be reduced 
completely after a two hour reducing 
period at 160°C without an _ induction 
period. At 140°C the amount of reduced 
nickel oxide was 100% after an eight hour 
reducing period, and even at 120°C the 
reduction occurred slowly after a two 
hour induction period. It may be con- 
cluded that nickel oxide in the heated 
NiO-CuO mixture can be reduced at a 
lower temperature than pure nickel oxide. 

In order to see how additive cupric 
oxide enhances the reduction of nickel 
oxide by hydrogen, the isotherms of reduc- 
tion at 140°C for NiO-CuO mixtures of 
95:5 mol. ratio heated at 700 and 1100°C 
are compared with the unheated mixtures. 
The result is shown in Fig. 4. The unheated 
mixture was reduced by 5% at 140°C for 
one hour and then ceased to be reduced. 
Although the mixture heated at 700°C 
behaves at the initial time of reduction in 
the same way as the unheated mixture, the 
one heated at 700°C can be reduced again 
after a two hour reducing period. The 
mixture heated at 1100°C can be reduced 
more rapidly and is reduced by 100%. for 
eight hours at 140°C. It is concluded from 
the experimental results that cupric oxide 
in the unheated mixture does not enhance 
the reduction of nickel oxide but cupric 
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Fig. 4. I rmal reduction of NiO-CuO 
mixture of 95:5 mol. ratio heated at 
700 and 1100-C, respectively for 4hr. 
and of that unheated. The reduction 


temperature is 140°C. 
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oxide in the heated mixture enhances the 
reduction. 


Discussion 
In an earlier paper’ dealing with the 
solid state reaction of nickel oxide with 


aluminum oxide, it was shown that when 
the mixture NiO-Al.O, was heated, a solid 
solution of aluminum oxide in nickel 
oxide and a spine! NiAl.O, were formed. 
From these facts it is concluded that 
nickel in pure nickel oxide starts to be 
reduced at 200°C whereas nickel in the 
solid solution and that in the spinel starts 
to be reduced at 300 and 700°C, respectively. 
Fensham’”’ showed that a solid solution 
is formed when a mixture of nickel oxide 
and lithium oxide is heated at 1100°C. It 
was also shown’'’ that a solid solution is 
formed when a mixture of nickel oxide 
and cupric oxide is heated at 1100°C. 
showed that by incorporation 
aluminum oxide, the 
activation energy and the rate of hydro- 
gen reduction of nickel oxide did not 
differ from those of pure nickel oxide. 
This result seems to be inconsistent with 
the result of the present investigation. In 
Parravano’s experiment the mixture of 
NiO-Al.0, was heated at 600°C to dissolve 
aluminum oxide into the nickel oxide 
crystal, while in this study the mixture 
was heated at 1100°C. The temperature 
600°C seems to be too low to form a solid 
solution of NiO-Al.O, completely. This 
may be the reason for the disagreement. 
It was shown by Verwey’” that nickel 
oxide is a semiconductor of p-type and 
its electrical conductivity is affected by 
incorporation of foreign ions. According 
to the principle of valency control”, the 
semiconductivity of nickel oxide decreases 
by the incorporation of cations with higher 
valency than two, and increases by the 


arravano 


of Smol. of 


TABLE I ELECTRICAL A 
OF IMPURITY 
Electrical 


resistance 


at 300 C 
2 cm 
NiO 10 
NiO. Ai.O > mol 10 
NiO -LizO (5 mol. 10 
NiO.CuO (5 mol 10 
Y. lida, J. J vi H 1 
Hunmatsu-¥ ab . ). Cin English) 
P. Fensham, /. A Ss 76 8 (1954) 
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incorporation of monovalent cations. The 
electrical and reductive properties of nickel 
oxide incorporated with various additives 
are shown in Table I. Nickel oxide with 


various additives was heated at 1100°C 
for 4hr. Cationic holes in the nickel oxide 
lattice increase by the incorporation of 


Al** ion and decrease by the incorporation 
of Li* ion from the point of view of the 
electron-neutrality principle. 

It can be seen that nickel oxide incor- 
porated with Li* or Al** is less readily 
reducible than pure nickel oxide although 


Li ion has the reverse effect on the 
semiconductivity compared with Al*°* ion. 
On the other hand, nickel oxide incor- 


porated with Cu*’ is more easily reducible 
than pure nickel oxide, although it has a 
lower semiconductivity than that of pure 
nickel oxide. In view of the above facts it 
is concluded that the effect of impurities 
on the reductive properties of nickel oxide 
can not be explained reasonably by the 
properties of a semiconductor. 

Previous reports on the effect of 
additives on hydrogen reduction of oxide 
showed that the reduction is promoted by 
the formation of a solid solution of a 
reduced metal into additives. Niobium 
could be reduced with hydrogen as an 
Nb-Ni alloy by the addition of nickel 
powder’’. In the present study it is, 
however, shown that the reductive prop- 
erties of nickel oxide are not affected 
merely by the addition of cupric oxide, 
but affected by the dissolution of a small 
quantity of cupric oxide into nickel oxide 
crystal by heating. As the reduced nickel 
can form no solid solution with unreduci- 
ble lithium oxide or aluminum oxide, the 
dissolution of lithium oxide or aluminum 
oxide should have no influence on the 
hydrogen reduction according to the above 
mechanism. The experimental results, 
however, show that the reduction of nickel 
NiO AS A 


PROPERTIES OF UNCTION 


PION 


Activation energy Reduction 


Change in 








of electrical beginning 
ciiieeionnatcshe the number 
conductivity + deine te 
. Oo acancies 
keal./mol. ; 
20 200 
22 Increase 300 
} Decreas¢ 260 
10 Unchange 160 
7) E. J. Verwey, P. W. Haaijman; P. C. Ron 
G. W rhout, Philips Re Reports, 5, 173 (1950) 
8) Z. Bankloh, Z. anor uw. allgem. Ch 233, 424 
(1937) 
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oxide is retarded by the dissolution of 
lithium oxide or aluminum oxide. From 
these considerations it is concluded that 
the effect of the dissolution of various 
oxides on the reduction is not explained 
completely by the formation of a solid 
solution. 

The reduction of a metal oxide has been 
considered to be an autocatalytic reaction 
Therefore, the accelerated reduction by 
the addition of cupric oxide is thought to 
be attributed to the catalytic behavior of 
metallic copper formed predominantly by 
hydrogen reduction. It is, however, im- 
portant to note that cupric oxide does not 
promote the reduction when cupric oxide 
is mixed in nickel oxide, but cupric oxide 
dissolved in the nickel oxide lattice 
promotes the reduction. From this fact, 
it is concluded that copper formed 
predominantly in the reduction process 
exhibits no catalytic behavior. 

In order to know the relation between 
the reductive properties of nickel oxide 
incorporated with impurities and the heat 
of formation of these impurities, the heats 
of formation of nickel oxide, aluminum 
oxide, lithium oxide and cupric oxide are 
given in Tabie II using the values of 
Seybolt’”. It can be seen that the 
beginning temperature of the reduction of 
nickel oxide incorporated with other oxides 
with a greater heat of formation than 
nickel oxide is higher than that of pure 
nickel oxide whereas an oxide with a 
smaller heat of formation than _ nickel 
oxide has the reverse effect. 


TABLE II. HEAT OF FORMATION OF VARIOL 
OXIDES AT 298 K (BY SEYBOLT) 

Oxide NiO Li,O 1/3 Al.O, CuO 

Heat of 31.3 134.0 126 30.4 


formation 
keal. mol 

Further, it is seen from Fig. 4 that the 
induction period of both the unheated 
mixture NiO-CuO and of that heated at 
700°C is shorter than the induction period 
of that heated at 1100°C. It is evident 
that the reduction of cupric oxide is 
retarded by the incorporation of nickel 
oxide, which has a greater heat of for- 
mation than that of cupric oxide. 

To see whether this explanation applies 


to the hydrogen reduction of any other 
\. F. Benton P.H. I J. Am. ¢ 
S 46, 2728 (1924) 
3 Seybolt I J. E. Burke Proce es 
Expe Metallurgy’, John Wile Sons, Ir 
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Fe.O, an Fe.O; « 
of CuO and AI.Os;, res 
are heated at 1200 C for 3 hr. and 
hermally. 


vtaining 5 mol. 


yectively. Samples 
reduced at 350°C isot 


oxide, ferric oxide containing 5mol. % of 
aluminum oxide and cupric oxide respec- 
tively and pure ferric oxide were heated 
at 1200°C for 3hr. and reduced at 350°C 
isothermally. The results are shown in 
Fig. 5. It is evident that the dissolution 
of aluminum oxide which has a greater 
heat of formation than ferric oxide retards 
the reduction of ferric oxide and the dis- 
solution of cupric oxide which has a 


smaller heat of formation than ferric 
oxide promotes the reduction. 

In view of the above facts the most 
reasonable conclusion to be drawn from 


available data is that hydrogen reduction 
of metal oxide is promoted by the incor- 
poration of another oxide with a greater 
heat of formation than that of oxide, and 
is retarded by the incorporation of an 
oxide with a smaller heat of formation. 


Summary 


The effect of additive impurities on the 
hydrogen reduction of nickel oxide has 
been studied. The additives have no 
influence on the reduction unless they 
dissolve into nickel oxide crystal. The 
reduction is promoted by the dissolution 
of cupric oxide and is retarded by the 
dissolution of lithium oxide and aluminum 
oxide. The effect of additives on the 
reduction is not explained reasonably by 
their catalytic behavior. There is no 
direct correlation between the reductive 
properties of nickel oxide and the type of 
additives from the point of the semi- 
conducting behavior of these materials. 
The effect of additives on the reduction is 
related to their heats of formation. 
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Polymerization of Methyl Methacrylate Initiated by N-Nitrosophenylurea 


By Ryoichi UEHARA 


(Received May 25, 1959) 


N-Nitrosophenylurea has been prepared 
by Huisgen’ by the following reaction of 
nitrous fumes (a mixture of NO and NO.) 
and phenylurea: 


2C;,H;NHCONH, + N.O 
2C.H;N(NO)CONH:, + H.O 


N-Nitrosoacylarylamines which are 
related to N-nitrosophenylurea have been 
noted as sources of free radicals by many 
investigators Blomquist” has reported 
polymerizations of methyl methacrylate, 
styrene and acrylonitrile initiated by 
several N-nitrosoacylarylamines, and sug- 
gested that the polymerizations were 
initiated by aryl radicals which were 
produced through the decomposition of 
the N-nitrosoacylarylamines. Although 
N-nitrosoacylarylamines were frequently 
used as initiators during the early period 
of studies on radical polymerization, they 
have never since been employed, owing 
to the facts that they were not efficient as 
polymerization-initiators and too labile, 
i.e. they decomposed spontaneously at 
room temperature. N-Nitrosophenylurea 
is much more stable than N-nitrosoacy]l- 
arylamines, e.g. the half-value periods of 
N-nitrosoacetanilide and N-nitrosopheny]l- 
urea are respectively 99.5 min. at 20°C and 
140 min. at <0-C 

It has been found by the present author 
that N-nitrosophenylurea is an efficient 
initiator of the polymerization of methyl 
methacrylate. In the present paper, results 
of experiments on the dependence of the 
initial rate of polymerization upon the 
concentration of N-nitrosophenylurea and 
methyl methacrylate are given. 

The polymerization was carried out in 
an atmosphere of nitrogen. In Table I, 
the conversion versus time and average 
degree of polymerization of polymethyl 
methacrylate in the bulk polymerization 
of methyl methacrylate initiated by JN- 
nitrosophenylurea 1.21 x 10> ~ mol./1. at 60°C 
are shown. The conversion in the bulk 


] R. Huisgen and L. Krause, Avw., 157, 5474 (1951) 
) See, e.g. W.S. Grieve and D. H. Hey, J. Chem 
Suc., 1934, 1797 
) A. T. Blomquist et al., J. An. Chem. Soc., 65, 244 
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polymerization initiated by benzoyl per- 
oxide 1.30x10-*mol./l. is also shown in 
Table I. As an initiator of the polymeri- 
zation of methyl methacrylate, N-nitroso- 
phenylurea is more efficient than benzoyl 
peroxide. 

Dependences of the initial rate of poly- 
merization (R) upon the concentration of 
N-nitrosophenylurea ({NPU]) in solution- 
polymerization in benzene (methyl metha- 
crylate 50%) at temperatures of 40, 50, 60 
and 70°C are shown in Fig. 1. It is evident 
that the square root dependence holds for 
each case, i.e. the initial rate of poly- 
merization is linearly proportional to the 
Square root of the concentration of N- 
nitrosophenylurea. The relationship be- 
tween the initial rate of polymerization 
and the concentration of methyl metha- 
crylate ({MMA]) in benzene (N-nitroso- 
phenylurea 1.24x10-° mol./1.) was studied 
at 60°C. It is clear that the initial rate 





min 


10, 








& 
0 a _ | a | a] 4 j 
0 0.5 1.0 15 2.0 25 
[NPU]'/* x10, mol./]. 
Fig. 1. Correlations of the initial rate of 


polymerization with the concentration 
of N-nitrosophenylurea (methyl metha- 
crylate 50% in benzene) at 70 (I), 60 
(II). 50 (III) and 40°C (IV). 
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TABLE I. CONVERSIONS AND AVERAGE DEGREES 
OF POLYMERIZATION IN THE BULK POLYMERIZATION 
AT 60°C BY MEANS OF N-NITROSOPHENYLUREA 
1.21x10-* mol./I. 


Time Conversion, % Average degree of 
min. by NPU_ by BPO polymerization* 
30 3.8 3.3 2820 
60 a5 ‘2 4300 
90 8.1 6.9 4210 
120 11.1 9.3 4330 
150 5.3 13.4 4560 
180 ps fe 17.8 6020 
210 33.4 25.9 6300 
240 53.0 45.5 7720 
270 74.0 65.0 7900 
300 87.1 76.2 7800 
330 93 .0 82.1 6950 
360 95.4 85.5 6300 
* Polymethyl methacrylate produced by NPI 
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Fig. 2. Correlation of the initial rate of 
polymerization with the concentration 
of methyl methacrylate (at 60°C, NPU 
1.24x10-* mol./1.) 





was linearly proportional to the concentra- 
tion of methyl methacrylate. 

These rate-concentration relationships 
are quite similar to those which are 
observed in the polymerizations of vinyl 
monomers initiated by benzoyl peroxide 
or a, a'-azo-bis-iso-butylonitrile in which 
unimolecular first order decompositions of 
the initiators are considered as the initiat- 
ing reactions by many investigators”. 
Consequently, it is very probable that the 
polymerization of methyl methacrylate by 
means of N-nitrosophenylurea is initiated 
by radicals which are produced through 
the unimolecular first order decomposition 
of N-nitrosophenylurea. The nature of 


“Principles of Polymer Chemistry ”’ 


4) P. J. Flory 
Cornell University Press, Ithaca, N. Y. (195 p 
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the initiating reaction will be studied in 
future. 

When logarithms of the initial rates of 
polymerization (methyl methacrylate in 
benzene 50% and _ WN-nitrosophenylurea 
1.24x10-* mol./l.) were plotted against 
reciprocals of temperatures (1/7), a good 
straight line was obtained (Fig. 3). The 
overall activation energy calculated from 
the slope in Fig. 3 was found to be 12.8 


kceal./mol. 








-15;—- 








log R 
bis 
uU 
r 





Correlation of log R with 1/T 
(MMA 5020, NPU 1.24x10-* mol./1.). 


Fig. 3. 


Experimental 


Materials.—Purification of methyl methacrylate 
and benzene was carried out as mentioned infa 
previous paper». N-Nitrosophenylurea was pre- 
pared through the reaction of nitrous fumes upon 
phenylurea. Phenylurea (6.8g.) was suspended 
in a mixture of glacial acetic acid and acetic 
anhydride (3:1 by volume, 40cc.) and cooled to 
0°C. Nitrous fumes which were produced from 
arsenious oxide and nitric acid® were passed 
into the suspension until 20g. of them were 
absorbed. The crude product was precipitated 
by pouring the suspension into ice water (200 
cc.). The crude product was washed with water 
(400 cc.) and recrystallized twice from ether, 
giving pure N-nitrosophenylurea (3.1 g.), m. p. 
89°C with decomposition. The pure product 
could be stored in an ice bath for several weeks 
without any appreciable decomposition. 


Polymerization. 


Details of the 


‘edures of 


polymerization and the determination of the 
initial rate of polymerization were given pre- 
viously». In solution-polymerization, .\-nitroso- 
phenylurea was dissolved in benzene. Measured 
amounts of the benzene solution and methyl 
R. 1 1, T B 31, 685 (1958 
» 3 D Oo anic Syn ses C Vo 1, 
J v s, Inc., Ne York (194 
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methacrylate were placed in a test tube and 
mixed. The test tube was cooled in a dry ice- 
methanol bath, flashed with nitrogen, evacuated 
and sealed. Conversions of the 


were measured by 


polymerization 
precipitating and weighing 
polymethyl methacrylate formed. Degrees of 
polymerization of polymethyl methacrylate were 
estimated from their viscosities in 
chloroform according to Sakurada”. 


intrinsic 


Summary 


N-Nitrosophenylurea is an 
initiator of the polymerization of 
methacrylate. The initial rate of poly- 
merization of methyl methacrylate was 
linearly dependent upon the concentration 


efficient 
methyl 





kurada, Chem High Polymer (Kobunshi 
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of methyl methacrylate and the square 
root of the concentration of N-nitroso- 
phenylurea. These facts suggest that 
the polymerization is initiated by radicals 
which are produced through a unimolec- 
ular first order decomposition of JN- 
nitrosophenylurea. 


The author wishes to express his hearty 
thanks to Professor Osamu Simamura of 
the University of Tokyo for his interests 
in this work and Mr. Tsurahide Cho, the 
President of Tama Kagaku Kogyo Co., for 
permission to publish, this work. 


Tama Kagaku Kogyo a 
2-28 Minamirokugo 


Ota-ku, Tokyo 


Electrode Processes of Nickel(II) Ions at the Mercury Electrode 
me Concentrated Calcium Chloride Solutions 


By Nobuyuki TANAKA, Reita TAMAMUSHI and Mutsuo KoDAMA* 


(Received June 8, 1959) 


The electrode reaction of nickel(II) ions 
at the mercury electrode seems to proceed 
with various mechanisms, depending on 
the kind of supporting electrolyte present 
in the solution. It has been known that 
the reduction of nickel(II]) ions at the 
dropping mercury electrode (DME) in the 
concentrated solution of chloride occurs 
with a higher degree of reversibility at 
the potentials much more positive than 
those at which the reduction of hydrated 
nickel(II) ions takes place Reynolds and 
his coworkers’ pointed out, from the 
results of the microcoulometry, that the 
reduction process of nickel(II) ions at the 
DME in 5m calcium chloride solution is 
represented by 


mr Ze — Ni 


Recently, Vicek”? reported that one con- 


Present address: Department of Chemistry, Faculty 

of Liberal Arts. Ibaraki University, Mito 

1) I. M. Kolthoff and J. J. Lingane, *‘ Polarography”, 
Vol. II, Interscience Publishers, Inc New York (1952), 
p. 486 

2) G.F 
Anal. Chim 

) G.F 


Reynolds, H Shalgosky and T. J. Weber, 
Acta, 8, 567 (1953) 
Reynolds and H. |. Shalgosky ibid 10, 398 


1) A. A. Viéek, Z. Elektrochem., 61, 1014 (1957). 


tinuous redox wave is obtained by the 
Kalousek’s method’? with nickel(II) ions 
in 6m calcium chloride solution. From 
this result, he suggested that nickel(II) 
ions in 6m calcium chloride solution is 
reduced at the mercury electrode to a 
zero-valent nickel complex, NiCl,‘~, the 
life of which is estimated to be longer 
than 0.01 sec. 

In this paper, an extensive and systematic 
study on the reduction of nickel(II) ions 
in concentrated calcium chloride solution 
at the mercury electrode is presented. 
The number of electrons which participate 
in the overall electrode reaction has been 
accurately determined by the coulometry 
at constant potential. The reduction prod- 
uct has been investigated by means of 
the controlled potential electrolysis at the 
mercury electrode. The reversibility of 
the electrode reaction is discussed from 
the analysis of the direct current (d. c.), 
the alternating current (a. c.) and the 
Kalousek’s polarograms, and a possible 
mechanism for the reaction is proposed. 


M. Kalousek, Cullection Czechoslov. Chem. Com- 
13, 105 (1948) 
> 


6) R. Tamamushi and N. Tanaka, Repts. Inst. Sci 
Technol. Us Tokyo, 5, 33 (1951). 
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Experimental 


Apparatus.—-Current-voltage curves were meas- 
ured by a manual polarograph similar to that of 
Kolthoff and Lingane” or recorded automatically 
by a Yanagimoto Galvarecorder Y-GR 2. The 
Galvarecorder was also used for recording the 
a.c. and the Kalousek’s polarograms and the 
current-time curves in coulometry. 

The Kalousek’s circuit used in this study is 
schematically shown in Fig. 1. The potential of 
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Fig. 1. Circuit of the Kalousek’s method: 

G, Galvarecorder; e;, working electrode 

(DME); e2, unpolarizable’ electrode 

(S.C. E.); bo, exchange switch (contact 

of relay B in Fig. 2). 
the working electrode, e;, is periodically changed 
from FE; to E: and vice versa by the exchange 
switch bs. “hen the reduction wave is con- 
cerned, £2 is usually kept constant at a certain 
definite value in the potential region of the 
limiting current plateau. The value of £ is 
varied in the same way as in the ordinary polaro- 
graph, and only the current which flows when 
the electrode potential is FE, is recorded. If the 
reduced substance produced at the electrode is 
oxidized at the potential of £,, the anodic current 
is observed. 

A simple relay circuit as shown in Fig. 2 was 
used to exchange the electrode potential instead 
of a conventional mechanical commutator which 
consists of a synchronous motor and a rotary 
switch. Relay B in Fig. 2 has two pairs of con- 
tacts, b; and bo, the latter of which is used for 
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Fig. 2. Circuit of exchange switch: A, 


B, relay; a, contact of relay A; b,, 
contact of relay B; R;, Ro, 5k2; C,, Cs, 
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the exchange switch in Fig. 1. The exchange 
frequency can be easily changed from apporoxi- 
mately 2 c/s to 30 c/s by adjusting the capacitors 
C, and C.. The on-and-off intervals of the switch 
were made equal by adjusting R; and R:. This 
switch proved to be preferable to the conventional 
mechanical commutator because of the constancy 
and reliability in its switching action as well as 
because of its wide range of exchange fre- 
quencies. In this study, the exchange frequency 
of approximately 5.6 c/s was employed unless 
otherwise stated. 

The controiled potential electrolysis was carried 
out by using a Yanagimoto automatic potentio- 
stat. In the coulometric study the current through 
the electrolysis cell during the constant potential 
electrolysis was automatically recorded with a 
Yanagimoto Galvarecorder®. The quantity of 
electricity was determined by the graphical 
integration of the current-time curve thus 
obtained. 

A simple beaker type cell was used for ail 
polarographic measurements. A dropping mercury 
electrode, which had an m value of 1.94; mg./sec. 
and a drop time ct of 4.88sec./drop in an air free 
0.1M potassium chloride solution at —0.60 V. vs. 
S.C. E., was used for the measurement of cur- 
rent-voltage curves. A saturated calomel elec- 
trode of a large surface area was used for the 
reference electrode, which was connected with 
the electrolytic solution by a Hume and Harris’ 
type salt bridge®. When a.c. polarograms were 
measured, a platinum plate electrode of a large 
surface area was inserted in the electrolytic 
solution as the third electrode, which was 
terminated at the saturated calomel electrode 
through a 100 #F capacitor in order to minimize 
the impedance of the cell! In the controlled 
potential electrolysis, the cathode was a mercury 
pool electrode whose surface area was approxi- 
mately 20cm°, while the anode was a platinum 
spiral electrode which was connected with the 
electrolytic solution through a salt bridge. A 
saturated calomel electrode was used as a 
reference electrode, against which the electrode 
potential of the cathode was controlled. 

All measurements were carried out in a 
thermostat of 25.00+0.01°C, and the dissolved 
oxygen in the electrolytic solution was removed by 
bubbling pure nitrogen gas through the solution. 
The d.c. and the Kalousek’s polarograms given 
in this paper were corrected for the residual 
current and the ohmic potential drop of the cell 
circuit. 

Reagents.—- A standard solution of nickel 
chloride was prepared by the following procedure. 
An appropriate amount of pure nickel metal 
(Yokozawa Chemicals Co.: cobalt content, 0.004%) 
was dissolved in nitric acid, and the excess of 
nitric acid was removed by evaporation. By 
dilution with distilled water a nickel nitrate 


8) N. Tanaka T. Nozoe, T. Takamura and_ £=S. 
Kitahara, This Bulletin, 31, 827 (1958) 

9) D. N. Hume and W. E. Harris, Jnd. Eng. Chem 
Analyt. Ed., 15, 465 (1943). 

10) B. Breyer, F. Gutmann and S. Hacobian, Australian 
J. Sci. Research, Ser. A, 4, 59% (1951). 
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solution was obtained, to which a suitable amount 
of sodium carbonate was added to precipitate 
nickel(II) as carbonate. The precipitate was 
filtered off and washed thoroughly with distilled 
water. The resulting nickel carbonate was dis- 
solved in dilute redistilled hydrochloric acid to 
prepare the standard solution of an appropriate 
concentration. The concentration of nickel was 
accurately determined by the conventional gravi- 
metric method with dimethylglyoxime!”. 

Calcium chloride which was free from organic 
surface-active substances was prepared. Reagent 
grade calcium chloride dihydrate was heated for 
3hr. at 470°C in an electric oven, and dissolved 
in redistilled water. After a small amount of 
insoluble substance was removed by decantation, 
the pH of the solution was adjusted to about 4.0 
by adding hydrochloric acid. The chloride con 
centration of the solution was determined by the 
Volhard method!®. 

\ll other chemicals used were of analytical 
reagent grade. Redistilled water was used to 
dilute the stock solutions and to prepare the 
electrolytic solutions. 


Results 


In a preliminary investigation, it was 
found that in 6m unpurified calcium 
chloride solution nickel(II) ions are not 
reduced at the mercury pool electrode at 
the potentials where they are reduced at 
the DME. Their reduction at the mercury 
pool electrode occurred only at much more 
negative potentials. This phenomenon was 
not observed when the supporting elec- 
trolyte solution was prepared with purified 
calcium chloride, and therefore it was 
explained as due to the poisoning effect 
of surface-active substances which might 
have been present in the solution prepared 
with the unpurified reagent. The reduc- 
tion potential of ‘nickel(II) at the mercury 
pool electrode was found to shift to 
negative potentials upon the addition of 
polyoxyethylene lauryl ether to the elec- 
trolytic solution prepared with the purified 
calcium chloride. This clearly supports 
the above explanation. In this paper, 
only the experimental results which were 
obtained with purified calcium chloride 
are presented. 

The d.c. polarograms of nickel(II) ions 
which were obtained in the solutions con- 
taining various concentrations of calcium 
chloride are given in Fig. 3. In the 
presence of 6m calcium chloride, nickel (II) 
ions gave a polarogram with a half-wave 
potential of —0.462 V. vs. S.C. E. A _ log- 


11) F. P. Treadwell and W. T. Hall 
Chemistry", Vol. 2, John Wiley & Sons. Inc 
(1951), p. 193 

12) F. P. Treadwell and W. T. Hall, ibid., p. 65 
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Fig. 4. Log-plot of the d.c. reduction 
wave of Ni(II) ions in 6M CaCl, 
solution. 


plot, i.e. a plot of log#/(i;—7) against E, 
of the polarogram gave a straight line 
with a slope of 38mV. (Fig. 4). The 
limiting current was found to be propor- 
tional to the bulk concentration of nickel- 
(II) and also to the square-root of the 
effective pressure on the DME, as shown 
in Tables I and II. 


TABLE I RELATION BETWEEN THE LIMITING 


CURRENT 7; AND THE BULK CONCENTRATION C 
OF NICKEL(I!) IONS IN 6M CaClo SOLUTION 
Cc, mM ij, /@ amp. yw/C, #;amp./mM 
0.844 1.95 2 
1.68 3.89 2 
2.53 9.85 2 
3.37 7.79 2.31 


————————— 
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TABLE II. RELATION BETWEEN THE LIMITING 
CURRENT 7; OF 3.37;mM NiCl, IN 6M CaCl, 
SOLUTION AND THE EFFECTIVE PRESSURE 
h ON THE DME 


h,cmHg i), pamp. i)/Vh, pamp. em-!/2 
40 6.55 1.04 
55 7.79 1.05 
85 9.78 1.06 





i, g2amp. 
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Fig. 5. Kalousek’s polarograms of Ni({il) 
ions obtained at exchange frequency ot 
5.6c/s. a; 2.0mM Ni(NOs3)2 in 0.2M 
KNO;, E2=—1.45 V. vs. S.C.E.: b; 1.7 
mM NiCl. in 0.2M KCl, E; 1.40 V. 
vs. S.C.E.: c; 1.7mm NiCl in 6M 
CaClo,, E2>=—0.75 V. vs. S.C. E. 


The Kalousek’s polarograms in Fig. 5 
were recorded in 6m calcium chloride, 
0.2m potassium chloride and 0.2m potas- 
sium nitrate solutions. In the 6m calcium 
chloride solution one continuous redox 
wave (Fig. 5, c) was observed as has been 
reported by Vicek”, while in the 0.2m 
potassium chloride and the 0.2 m potassium 
nitrate solution no continuous redox wave 
was obtained, the anodic waves being far 
separated from the cathodic ones. It may 
be interesting to note that the potentials 
at which the anodic waves appear are 
almost identical in the three different 
solutions investigated. 

In the 6m calcium chloride solution a 
typical a.c. polarogram of nickel(II) as 
shown in Fig. 6 was obtained, the summit 
potential of which was nearly equal to the 
half-wave potential of the d.c. polarogram. 

An example of the d.c. polarograms of 
nickel(II) ions obtained at the mercury 
pool electrode in the 6m calcium chloride 
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ions in 6M CaCl. solution. 
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Fig. 7. Current—potential curve of Ni(II) 
ions in 6M CaCl, solution at the mercury 
pool electrode. 


solution is given in Fig. 7. An apparent 
anodic current was observed when the 
working electrode was polarized at —0.1~ 
—0.3V. vs. S.C.E. immediately after it 
had been polarized for 20 to 30 min. at the 
potential where the reduction of nickel (II) 
takes place (dotted line in Fig. 7). This 
anodic current remained nearly constant 
for several minutes if the solution was 
stirred by nitrogen gas bubbled through 
it. On the other hand, no anodic current 
was observed at the dropping mercury 
electrode with the same solution with 
which the anodic current was observed at 
the mercury pool electrode. 

The number of electrons 7 which partic- 
ipate in the overall electrode reaction of 
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nickel(II) was determined coulometrically 
by the controlled potential electrolysis. It 
can be calculated from the relation 


Q (ia) 


ae ; 
: FM (ta): — (ta) 


where Q is the quantity of electricity 
required for the electrolysis expressed in 
coulomb, M the initial amount of nickel- 
(II) ions present in the solution expressed 
in mole. and (i,); and (7,). are the diffusion 
currents of nickel(II) before and after the 
electrolysis, respectively. The value of Q 
was corrected for the quantity of electricity 
that was measured with the supporting 
electrolyte solution under the same condi- 
tions of actual electrolysis. The results 
are presented in Table III. 


TABLE III. THE NUMBER OF ELECTRONS 2” 
CONCERNING THE OVERALL ELECTRODE 
REDUCTION OF Ni(II) IN 6M CaCl, 
SOLUTION* 


Expt. (ia). (ia)2, Q, n 
“amp. stamp. coulombs 
l 7.79 6.02 2.959 2.00 
2 fore 5.62 3.532 2.00 


* The initial amount of Ni(II) was 0.0675 
millimol. 


In order to know whether the reduced 
substance of nickel(II) in 6m calcium 
chloride solution is contained in the solu- 
tion or in the mercury of the electrode, 
the nickel content of the mercury was 
determined after the electrolysis. Twenty 
milliliters of 3.37; mm of nickel(II) solution 
containing 6m calcium chloride was sub- 
jected to the controlled potential electrol- 
ysis at —0.80V. vs.S.C.E. with a mercury 
pool electrode. After 39 to 40% of the 
total amount of nickel(II) was reduced, 
the mercury electrode was separated from 
the solution, washed carefully with distilled 
water, and then treated for about 30hr. 
with 30ml. of 3m hydrochloric acid to 
extract nickel in the mercury. The pre- 
cipitate of mercurous chloride produced 
was filtered off. The volume and pH of 
the filtrate were adjusted to be about 130 
ml. and 6.0~6.5, respectively, by adding 
distilled water and ammonium hydroxide 
solution. Then, 15ml. of 2m potassium 
iodide solution was added to the solution, 
and the solution was kept standing for 30 
min. ‘The nickel content of the solution 
was determined by titration with a 0.01lMm 
ethylenediaminetetraacetate solution using 
murexide as an indicator’. Preliminary 
experiments indicated that the _ nickel 
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content can be determined with this pro- 
cedure in the presence of an excess of 
mercuric ions. The amounts of nickel (II) 
ions reduced by the controlled potential 
electrolysis and those of nickel found in 
the mercury electrode are given in Table 
EY: 

TABLE IV. DETERMINATION OF THE AMOUNT 

OF NICKEL IN THE MERCURY POOL ELECTRODE 


Amount of Ni(II) 
Amount of Ni(II) ion found in the Recovery of 


ion reduced, mercury pool nickel, 
millimol. electrode, % 
millimol. 
0.0287 0.0276 96 
0.0216 0.0203 94 
Discussion 
The color of the solution containing 


nickel(II) ions and 6m calcium chloride 
is yellowish green. This suggests the 
formation of chloronickel(II) complexes. 
According to Kiss and his coworkers!” 
and Kiseleva and Khodeeva'”, the pre- 
dominant species of these complexes is 
considered to be NiCl, 

The results given in Table II shows that 
the limiting current of nickel(II) ions in 
6m calcium chloride solution is diffusion- 
controlled. The relatively low value of 
the diffusion current for the unit con- 
centration (Table I) is supposed to be due 
to the high viscosity of the solution. It 
is known that the diffusion coefficient of 
ions in the electrolyte solution is inversely 
proportional to the viscosity of the solu- 
tion’. If the relation 


D pp y) 


where D> is the diffusion coefficient of 
Ni ions at infinite dilution and 7 the 
viscosity of the 6m calcium chloride solu- 
tion referred to that of water as unity, is 
applied to the present case, the diffusion 
coefficient D of nickel(II) ions in6m calcium 
chloride solution is calculated to be 8.1x 
10-‘cm’*/sec., when 6.9x10-®cm?/sec. is 
used for D°'? and 8.5 for 7'®. With the 
value of D thus obtained, the number of 


13) G. Schwarzenbach, ‘‘Die Komplexometrische Titra 
tion’’, Ferdinand Enke, Publisher, Stuttgart (1956), p. 66. 
14) A. v. Kiss and P. Csokan, Z. anorg. u. allgem. 
Chem., 245, 355 (1941). 

15) E. V. Kiseleva and S. M. Khodeeva, Trudy Moskov. 
Khim. Tekhnol. Inst. im. D. E. Mendeleeva, 1956, No 
22,89-96; Chem. Abstr., 51, 16183e (1957). 

16) I. M. Kolthoff and J. J. Lingane, ‘‘ Polarography ” 


Vol. I, Interscience Publishers, Inc., New York (1952), 
p. 97 

17) I. M. Kolthoff and J. J. Lingane, ibid., p. 52 

18) ‘International Critical Tables’, Vol. V, McGraw- 


Hill Book Co., Inc., New York (1929), p. 14. 
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electrons which participate in the overall 
electrode reaction is calculated to be 2.0 
with the modified Ilkovic equation’ 


S471/6fi 2 5 
) 


ta=607 nD! ?m?3r c(1 
m 


This value of » is in agreement with 
that obtained by coulometry at constant 
potential (Table III), and leads to a conclu- 
sion that the nickel(II) ions in 6m calcium 
chloride solution are reduced at _ the 
mercury electrode to either nickel metal 
or some chloro complexes of zero-valent 
nickel. 

It has been reported by Vlcek” that 
the anodic wave of the Kalousek’s polaro- 
gram obtained with nickel(II) ions in 6m 
calcium chloride solution is due to the 
oxidation of zero-valent nickel complex, 
NiCl,'~, formed on the surface of the 
electrode. On the other hand, it has been 
known that nickel amalgam is easily 
obtained by the reduction of aqueous 
solutions of nickel chloride or sulfate at 
the mercury electrode Breckpot’” 
reported that the oxidation of nickel 
amalgam occurred at - 0.10 V. vs. N.H.E. 
at 75°C under the current density of 15 
amp.'m’. This value of oxidation potential 
agrees approximately with those which 
were determined from the Kalousek’s 
polarograms given in Fig. 5. The anodic 
wave is clearly observed on the Kalousek’s 
polarogram which was obtained at the 
exchange frequency of about 2c/s. This 
seems to be an indication that the life of 
the substance which is actually oxidized 
by the Kalousek’s method must be longer 
than 0.5sec. These facts strongly suggest 
that the anodic current observed with the 
Kalousek’s method is due to the oxidation 
of nickel amalgam. It should be noted 
that the oxidation of nickel amalgam 
proceeds at almost the same potential in all 
of the solutions (the 6m calcium chloride, 
the 0.2m potassium chloride and the 0.2m 
potassium nitrate solution), while the 
reduction takes place at entirely different 
potentials in these three solutions depend- 
ing on the species and the concentration 
of supporting electrolyte. 

Table IV shows that the amount of nickel 
reduced at the mercury electrode in 6M 
calcium chloride solution is almost com- 


) M. von Stackelberg, Z. Elektrochem., 57, 338 (1953). 

) J. Jaffray and J. Cariat, Compt. rend., 231, 1128 (1950) 

) N. Kato, J. Chem. Soc Japan, Pure Chem. Sec 

(Nippon Kagaku Zasshi), 62, 29 (1941) 

22) R. Breckpot, Compt. rend. 27e conger. intern. chim. 
1954, 2; Industrie chim. belge, 20, Spec. 


ind. (Brussels), 
No., II, 468—472 (1955): Chem. Abstr., 50, 12700h (1956) 
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pletely recovered from the mercury elec- 
trode. This excludes any possible contri- 
bution of the monovalent nickel compounds 
to the overall electrode reaction, but sup- 
ports the conclusion that the reduced 
substance is nickel metal which is dissolved 
in mercury as nickel amalgam. However, 
any possibility that the zero- or mono- 
valent nickel complexes exist as the reac- 
tion intermediate of very short lives is 
not excluded. 

The experimental results of the a.c. and 
the Kalousek’s polarograms and the log- 
plot analysis of the d.c. current voltage 
curves indicate that the electrode reaction 
of nickel(II) ions in 6m calcium chloride 
solution proceeds with a relatively high 
degree of reversibility in comparison with 
that of hydrated nickel(II) ions. It has 
been pointed out by Senda’*” et al. that 
the value of 7)/(mV tia), where 7» is the 
peak current of the a.c. polarogram, 
represents the degree of reversibility of 
the electrode reaction. The value for 
nickel(II) ions in 6m calcium chloride 
solution was calculated to be 0.20, which 
is smaller than the values for the well- 
known reversible systems such as cadmium- 
(II) or lead(II) ions in potassium nitrate 
solutions, but nearly equal to those of 
quasi-reversible systems such as zinc(II) 
ions in potassium nitrate solutions. 

From the foregoing discussion, it can be 
concluded that the electrode reaction of 
nickel(II) ions in 6m calcium chloride 
proceeds quasi-reversibly at the mercury 
electrode according to the reaction 


NiCl 2e+Hg <* Ni(Hg) > 4Cl 
Summary 
A typical reduction wave with a half- 
wave potential of 0.4642 V. vs. S.C.E. 
was obtained with nickel(II) ions in 6m 
calcium chloride solution. The a.c. and 


the Kalousek’s polarograms revealed that 
the electrode reaction is a quasi-reversible 
one. From the coulometric measurement 
carried out at the constant potential, the 
overall electrode reaction proved to be a 
two-electron reduction. Nearly the total 
amount of nickel reduced by the controlled 
potential electrolysis with the mercury 
electrode was recovered from the mercury, 
indicating that the nickel(II) ions are 
reduced to nickel metal to form probably 


23) M. Senda, M. Senda and I. Tachi, /. Electrochem. 
Soc. Japan (Denki Kagaku), 27, 83 (1959) 
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nickel amalgam. From these experimental 
results the electrode reaction of nickel (II) 
ions in 6m calcium chloride at the mercury 
electrode was concluded to proceed quasi- 
reversibly according to the equation 


NiCl,’- +2e+Hg @ Ni(Hg) +4Cl- 
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Many attempts have already been made 
to study the hot-atom effect of central 
atoms in metal complex salts, while very 
little attention has so far been paid to the 
hot-atom effect of ligand atoms”. 

The present authors investigated the 
behavior of radiobromine in ligands of 
bromopentammine cobalt cumplex salts 
following (, 7) process induced by neu- 
tron irradiation. The distribution of 
radiobromine was studied after the salts 
were irradiated in different phases and at 
varied temperatures. The authors were 
especially interested in the irradiation of 
the complex ion loaded on a cation exchange 
resin, because some results were already 
obtained in their laboratory with respect 
to the behavior of hot-atoms in ion 
exchange resins”. 


Experimental 


Samples._-Five bromopentammine cobalt com- 
plex salts were prepared by methods already 
known: 


1. [Co(NH;3);Br](NO3).% 4. [Co(NH;);Br]Br.© 
2. [Co(NHs3);Br] (C204) 5. [Co(NHs3);Br]I,” 
3. [Co(NH;);Br]Cl,» 


1) A. W. Adamson and J. M. Grunland, J. Am. Chem. 
Soc., 73, 5508 (1951). 

2) N. Saito, M. Furukawa and I. Tomita, J. Chem. 
Phys., 27, 1432 (1957); N. Saito, I. Tomita and M 
Furukawa, Presented at the llth Annual Meeting of the 
Chemical Society of Japan, Tokyo, April, 1958. 

3) S. M. Jérgensen, J. prakt. Chem., [2] 19, 62 (1879) 

4) S. M. Jorgensen, ibid., [2] 19, 67 (1879). 

5) S. M. Jorgensen, ibid., [2] 19, 55 (1879). 

6) H. S. Booth, “Inorganic Syntheses’, Vol. I, 
McGraw-Hill Book Co., Inc., New York (1939), p. 186. 

7) F. Ephraim, Ber., 56, 1513 (1923). 


Their composition was checked by the spectro- 
photometric method and by the determination of 
halogen contents. 

For the irradiation in resin phase, [Co(NH;);Br]** 
was adsorbed on Dowex 50W, cation exchange 
resin in the hydrogen form, 8% cross-linked, 
consisting of 100~200 mesh beads.; As _ the 
bromopentammine cobalt complex salts are 
aquated in the presence of moisture, the resin 
loaded with complex ion was dried immediately 
after washing, by means of suction on a sintered- 
glass filter for a few hours, or by means of 
heating at 40~60°C under reduced pressure in 
an Abderhalden’s desiccator with phosphorus 
pentoxide. However, prolonged procedure of 
drying, especially, of heating in the Abderhalden’s 
desiccator, caused in the meantime considerable 
aquation. (The remaining moisture caused aqua- 
tion even after it was reduced to a very small 
amount by drying.) 

Thus, in the case of the complex ion on the 
resin, not the pure complex ion but the mixture 
of [Co(NH;);Br]** and the aquated products, 
([Co(NH3);H2O]** and Br~-, was actually irradiated. 
The ratio of bromo- and aquo-pentammine com- 
plex salts was estimated by determining the 
amount of Br~ liberated in the aquation reaction 
as 

[Co(NH3;);Br]**+H.O 
— [Co(NH3);H:0]3* +Br- (1) 


and was shown in Table III. The procedure of 
determination was as follows: the dried resin 
with the mixture was washed with water, and 
Br~ which had been liberated was extracted and 
determined volumetrically. 

Irradiation.—The neutrons produced by Be-D 
reaction in a cyclotron were thermalized. The 
flux was approximately 10’ neutrons/cm® sec. 
The samples were irradiated for two to three 
hours at room temperature or at a lower tempera- 
ture (—72°C). For the irradiation at room 


—_—~—— eer 
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temperature, the samples were placed in a 
paraffin block, while for the irradiation at —72°C, 
they were put in a test tube immersed in a 
mixture of dry ice and ethanol in a Dewar’s vessel. 

The complex salts as aqueous solutions or 
adsorbed on the resin and dipped in water were 
irradiated with their container immersed in a 
mixture of ice and water. 

Procedures of Separation.—Solid samples were 
dissolved in water one to four hours after the 
end of irradiation. (The samples irradiated at 
a lower temperature were kept at room tempera- 
ture after the irradiation was over.) The solu- 
tion was poured into a 1.5cm.x0.8cm* column 
of Dowex 50 W in the hydrogen form*, 8% cross- 
linked, 100~200 mesh. The column was then 
washed with water until the total volume of the 
effuent amounted to100ml. The effluent yielded 
the first fraction containing anions of the sample 
solution and radiobromine leached out as anions**. 
The complex ions were adsorbed on the cation 
exchange resin so firmly that none of them 
could be detected spectrophotometrically in the 
first fraction. 

The resin loaded with the complex ions was 
then immersed in water and digested on a bath 
at 70 to 85°C for about an hour. As the aquation 
of the bromopentammines was very rapid at 
elevated temperatures, ligand bromine including 
radioisotopes was almost completely aquated with 
this procedure and was extracted by water as 
the bromide ion. The extract was separated 
from the resin and aquo complex ion. The 
extract and the washing yielded the second 
fraction. 

The complex salts irradiated as solutions were 
treated in the same way as the solids except 
that precautions were taken to prevent the 
aquation before the separation process. 

The treatment of the complex ion in the 
resin phase was as follows. The irradiated resin 
and complex ion were put into a sintered-glass 
filter of lcm. in diameter containing from about 
a half to an equal volume of Dowex 50W, 8% 
cross-linked, (hydrogen form), at the bottom. The 
size of the column was about 0.8cm* x4~5cm. The 
column was immersed in water and then washed 
by suction with 250~300 ml. of cold water. The 
washing yielded the first fraction. The resin 
and the complex ion were digested with water, 
and the extract yielded the second fraction. In 
this case, the resin with the aquo complex ion 
still contained considerable activity which could 
hardly be removed by further digestion with hot 
water, or by treatment with inorganic acids or 
with a reducing agent (0.3M NaHSO:;+0.2M 
H.SO,). This was the third fraction. 

Measurements were made on each fraction 
with respect to the gross activity of ®™Br 


Potassium form was also used, but the results 
were not significantly different from those obtained 
with hydrogen form. 

** It was reported by Saito, Tomita and Furukawa 
that most of radiobromine produced in the neutron ir- 
radiation of bromates was found in the form of bromide 
(presented at the llth Annual Meeting of the Chemical 
Society of Japan, Tokyo, April, 1958) 
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(actually, of its daughter, *Br, in equilibrium) 
and “Br, and with respect to the content of 
bromine. 

In order to eliminate the hot-atom effect of 
Br (7\/,.=18 min.) following the isomeric transi- 
tion from *®™Br, measurements of activity were 
made more than three hours after the first 
fraction had been separated. Thus the gross 
hot-atom effect of ®™Br and “Br was observed 
in this investigation. The ratio of activities of 
the two isotopes, °™Br and “Br, was about 15:1 
at the end of irradiation, while 5.5hr. after the 
end of irradiation it became 8:1. The distribu- 
tion of activity was caiculated for each sample 
by referring to a definite time (5.5hr. after the 
end of irradiation). 

Activity was measured with either an im- 
mersion-type G-M tube or an end-window G-M 
tube. Silver bromide precipitates were mounted 
on counting dishes in the latter case. 

Bromide was determined volumetrically by 
Mohr’s method or colorimetrically by the method 
of Stenger and Kolthoff®. The amounts of bro- 
mine retained in the resin were estimated by 
radioactivation analysis. 


Results and Discussion 


Hot-Atom Chemistry in Solids.—The results 
of measurements on the solid complex 
salts are shown in Table I. In any of the 
complex salts investigated, over eighty per 
cent of radiobromine atoms was leached 
out into water with an enrichment factor 
of at least 50. As the maximum recoil 
energy of radiobromine resulting from 
slow neutron capture was calculated to be 
174eV.”, and this is large enough to break 
Co Br bond, such a high extractability 
may not be unexpected. 

The column F-2 in Table I is expected 
to denote the fraction of radiobromine 
retained in the ligands of the cobalt com- 
plex salts. When a bromine atom in [Co- 
(NH;);Br]’* recoils following the neutron 
capture, the bond between the metal and 
the bromine is broken and the resulting 
hot-atom may have several collisions with 
the surrounding molecules or atoms before 
it slows down. In the hot reactions with 
the recoiling bromine or in the recombina- 
tion reactions which follow them, complex 
ions such as [Co(NH;),BrBr*]* may pro 
bably be produced*** as well as [Co(NHs)5;- 
Br*|’* (Br* denotes radiobromine). As 


8) V. A Stenger and I. M. Kolthoff, J. Am. Chem 
Soc., 57, 831 (1935). 

9) A. C. Wahl and N. A. Bonner, “ Radioactivity 
Applied to Chemistry ”’, John Wiley & Sons, Inc., New 
York (1951), p. 247. 


*** The replacement of an ammine group by hot 
bromine was proved by the fact that ligand yield as 
Co(NH;);Br]2* of about 5% was obtained in the irradi- 


ation of [Co(NH3)s]Br3 with slow neutrons. Details will 
be published elsewhere. 
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TABLE I. DISTRIBUTION OF “™Br AND “Br ACTIVITY AND ENRICHMENT FACTOR IN SOLIDS 


Irradiation at Irradiation at 


room temp. 72°C Enrichment 
Complex salt - factor of 
F-1 F-2* F-1 F-2* F-1 

[Co(NH3;);Br] (NOs) 2 83.9 16.1 87.3 12.7 1» 10° 
[Co(NHs;);Br] (C204) 82.6 17.4 0.5 10° 
[Co(NHs);Br]Cl, 82.2 17.8 84.2 15.8 0.510 
{Co(NH;);Br] Bre 82.7 17.3 82.6 17.4 
[Co(NH,);Br] I, 87.6 12.4 2x10" 


* Ligand yield as [Co(NH;);Br*]**. These values were reproducible in at least three 





runs within 0.4~0.7% standard deviation. 


both complex ions are cationic, the second 
fraction essentially includes the activity 
in the form of |Co(NH;),BrBr*|* besides 
|\Co(NH;);Br*] The probability of the 
formation of complex ions containing more 
than two bromine atoms in ligands may be 
negligibly small. 

For the convenience 
authors defined a quantity 


of discussion, the 
CL. &2as 


(pH 5~6) at room temperature and kept 
in solutions for a sufficiently long time in 
order to eliminate (L. Y.)(cocxn,,prsr*}’ from 
the second fraction. When all the unstable 
complex ions were aquated and only the 
pentammine remained, the curve for the 
observed activity of the second fraction 
vs. the period of separation (period of 
standing in water) leveled off****. There- 


‘ligand yield in the form of A’”’, which fore the distribution of activity in the 
indicated the fraction of total produced second fraction in Table I may be taken 
activity retained in the form of the as almost identical with the ligand yield 
complex ion, A. The value in the inthe form of [(Co(NH;);Br*|*~, or so-called 


second fraction is then the summation of 
ligand yields of all the complex cations; 
(L. Y.) tcocnns)sBr*) and (L. Zedte NH3),BrBr*] 
(cis- and trans-isomers). 

In this case, however, all the tetram- 
mine complex salts containing radiobro- 
mine are much more unstable and are 
much more rapidly aquated with liberation 
of bromine than the pentammine complex 
salts are. The aquation reactions are 


‘* retention ”’. 

As seen in Table I, ligand yield as 
[(Co(NH;);Br*] of the complex salts does 
not vary appreciably as the anionic com- 
ponent is replaced, except that the iodide 
shows considerably low yield. The irradia- 
tion at a lower temperature decreases the 
yield in some salts, while in the bromide 
the yield remains almost unchanged. It 
is' interesting to note that the bromide 


rane shows almost the same yield as other 
(Co(NH;);Brz] * + H,O -> salts in the irradiation at room tempera- 
{(Co(NH;),BrH,O]** + Br (2) ture: the hot-atoms resulting from the 
ae anions may behave in the same way as 
(Co(NH;),BrH.O} H.0 those from ligands of the complex salts. 
{(Co(NHs3);,(H20),.]°* + Br (3) Hot-Atom Chemistry in Aqueous Solutions. 


Radiobromine in the tetraammine complex 
salts is liberated and enters the first 
fraction, through either of these reactions. 
Half time of the aquation reactions in 
nearly neutral aqueous solutions were 
estimated to be a few minutes at 15~20°C, 
while that of reaction 1 was estimated to 
be about a hundred hours’. 

In this investigation, the 
complex salts were dissolved in 


irradiated 
water 


10) A. B. Lamb and J. W. Marden, J. Am. Chem. Soc 

33, 1873 (1911); J. N. Bronsted and R. Livingston, ibid., 
49, 435 (1927) 

*** By means of extrapolation of the curves to the 
separation time zero, approximate values of unstable 
ligand yields (i. e. as [Co(NH3),BrBr*]*) were roughly 
estimated to be about 2~5% 


The results of measurements of aqueous 
solutions of the complex salts are shown 
in Table II. In this case, practically all 
radiobromine was leached out into the 
first fraction. 

Hot-Atom Chemistry in Resin Phase. — As 
shown in Table III, about 80% of the total 
activity was extracted into the first frac- 
tion with enrichment factors of 3~40 when 
the irradiated resin and complex ion was 
washed with water. Nine to thirteen per 
cent of the activity was retained in the 
ligands (F-2). More than 9% of the total 
activity remained in the resin even after 
the aquation of the complex ion on the 
resin had been brought to completion 
(F-3). 


——_—_—X—s,_a_ VS 
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TABLE II. 


Complex salt Concentration 


[Co(NHs3);Br] (NOs) > 7*x10-3M 
[Co(NH3);Br] (NOs) > 8x10-4*M 
TABLE III. DISTRIBUTION OF “™Br AND “Br 
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DISTRIBUTION OF ®™@Br AND “Br ACTIVITY AND ENRICHMENT FACTOR IN SOLUTIONS 


Irradiation at 


0~3°C Enrichment 
factor of 
F-1 F-2 F-1 
99.2 0.8+0.6 0.4 10" 
nearly nearly 0.410" 
100 0 
ACTIVITY AND PERCENTAGE OF AQUATION 


IN RESIN PHASE 


Temp. of 
irradiation 


Condition of 
drying 


: : (room temp. 
Suction 4 


72°C 
Abderhalden —— 

42 
Without drying 0~13°C 


(dipped in water) 


As mentioned above, the mixture of 
bromo- and aquo-pentammine complex 
ions and the liberated bromine was irradi- 
ated on the cation exchange resin. The 
‘‘percentage of aquation”’’ is shown in 
Table III. Therefore, the interpretation 
of the activity in the second fraction is 
more compiicated in the resin phase than 
in solids. The complex cations possibly 
produced through the hot-atom effect in 
the irradiation of the mixture are as 
follows: 


a) from [Co(NH;);Br]°*, 


{ (Co(NHs;)sBr*] * 
| {(Co(NH:;),BrBr*| * 


b) from [Co(NHs;);H,O]**, 


{ (Co(NH;);Br*] 
| (Co(NH;),Br*H,O} 

Radiobromine in ligands of the unstable 
complex ions other than the bromopent- 
ammine may be considerably aquated 
during the separation process and eluted 
into the first fraction. However, these 
aquation reactions do not proceed as 
rapidly in the resin in the hydrogen form 
as in the solutions of the ir1adiated solids, 
because the rate of reaction 3 is dependent 
on the pH of solution and it becomes 
much slower in acid solutions’. 

In the cation exchange resin in the 
hydrogen form, the pH of the effluent was 
measured and found to be less than 3, 
where half time of reaction 3 was several 
hundred minutes. Therefore, as far as 
the products of reactions a) are concerned, 


11) J. N. Bronsted, Z. physik. Chem., 122, 383 (1926) 


Percentage of 
aquation 


Distribution of activity 


1 F-2 F-3 (aquo-complex °%,) 
.0 10.7 9.3 11~20 

a 9.3 9.6 5~ 9 

sz 10.7 9.1 15~42 

0 8.9 10.6 9~21 

5 13.0 10.5 2~ 4 

only about 50% of (L. Y.)(cocxis),srpr*]’ May 


be eliminated from the second fraction 
through the aquation reaction 2 which is 
almost completed during the period of 
separation in this investigation, but 
reaction 3 may not proceed appreciably in 
the meantime. Similarly, the products of 
reactions b) may remain without being 
aquated during the period of separation. 

By making suitable assumptions, the 
authors estimated ligand yields of the 
above complex ions separately. According 
to the investigations now being made in 
their laboratory'” a considerable fraction 
of hot bromine resulting from anionic 
sphere was enriched in ligands of 
pentammine cobalt complex salts, [Co- 
(NH3)sY) Breors, when they were irradi- 
ated with slow neutrons. The value of 
(L. Y.)pcoctm,ssr* for [Co(NH:;);H.O|Br 
sample was 7~8%, which was about a half 
of that in [Co(NH;);Br]Br.. By assuming 
that (L. Y.)tcocvns;sr*]2* due to aquo- and 
bromo- pentammine complex ions in the 
mixture adsorbed on the resin are in the 
same ratio (i.e. about 1/2) as_ those 
separately obtained in the irradiation of 
solids of these complex salts, the ligand 
yields in bromopentammine cobalt complex 
ion corrected for aquation were calculated 
and are listed in Table IV. These values, 
however, may be larger than (L.Y.);c.cxu, 
el by about 50% of (L.Y.){cocxu,>,prsr* 
(i.e. 1~2%)'. 





12) Results were partly reported at the 12th Annual 
Meeting of the Chemical Society of Japan, April, Kyoto 
1959. Details will be published elsewhere 

13) Ligand yields of the tetrammine complex salts 


, 


were estimated as about 1~4% 
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TABLE IV. LIGAND YIELDS IN BROMOPENT- 
AMMINE COBALT COMPLEX ION ON THE 
RESIN CORRECTED FOR AQUATION 


Condition of Temp. of Ligand 
drying irradiation yields* 
% 
: ; {room temp. 12.0 
Suction 72°C 10.4 
’ {room temp. 13.4 
Abderhalden i 72°C 10.7 
Without drying 0~13°C 13.0 


(dipped in water) 


* Ligand yields may include (L.Y.) (cocnn;);Br*]2* 

and about 1/2 of (L.Y.)[cocnn3>,BrBr*]*- 

As seen in Table IV, the ligand yields 
in bromopentammine on the cation ex- 
change resin are 10~13% and lower than 
those obtained in solids. The yields 
decreased slightly when the samples were 
irradiated at a lower temperature. It is 
interesting to note that the presence of 
water in the samples did not influence the 
yields appreciably. Even in the case 
where the complex and the resin were 
dipped in water during the irradiation, 
the yields were not greatly different from 
those for the samples dried in the 
Abderhalden’s desiccator. This may be 
understood as indicating that the rate of 
exchange of ligand bromine of bromopen- 
tammine with bromide ion in aqueous 
solutions is very slow and that the aquation 
reaction 1 does not disturb the mechanism 
of recombination from which some portion 
of the ligand yield may result. 

Nearly 10% of the total activity was 
retained in the irradiated resin after the 
treatments described above. The enrich- 
ment factor of radiobromine in this frac- 
tion (F-3) was estimated as at least 100. 
The exchange reaction between the bro- 
mine remaining in the resin and bromide 
ion in water was regarded as being very 
slow even at elevated temperatures (70~ 
85°C). The reducing agent decreased the 
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activity in the resin only slightly. The 
irradiation at a lower temperature 
increased the activity in the resin slightly. 
It was presumed from these observations 
that most of the radiobromine remaining 
in the leached resin would be organically 
combined with the resin matrix: some 
results in favor of this conclusion were 
reported by Carlson and Koski’!”. 


Summary 


The hot-atom effect was investigated on 
°*™Br and *Br resulting from (n, 7) pro- 
cesses in ligand bromine of bromopent- 
ammine cobalt complex salts. The fraction 
of radiobromine retained in ligand (ligand 
yield) was compared for samples irradiated 
in different phases, and it increased in 
the following order: solution, resin, solid. 
It is interesting to note that in the 
irradiation of solids of bromopentammines 
{(Co(NH;);Br] Br, showed almost the same 
ligand yield as other salts. The hot-atoms 
resulting from the anions may behave in 
the same way as those from ligands of 
the complex salts. The exchange of 
ligand bromine in these complex salts with 
bromide in water was regarded as being 
very slow at room temperature. 

In the irradiation of the complex ion 
adsorbed on a cation exchange resin, a 
considerable fraction of radiobromine was 
trapped in the resin matrix. Treatments 
with either inorganic acids or a reducing 
agent did not remove the activity ap- 
preciably. Most of the radiobromine 
remaining in resin was presumed to be 
organically combined with the matrix. 


Department of Chemistry 
Faculty of Science 
The University of Tokyo 
Hongo, Tokyo 


14) T. A. Carlson and W. S. Koski, J. Chem. Pi 


23, 2410 (1955). 
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The Reaction of 3-Oxo-d'-steroids with Isocyanuric Chloride 


By Fumikazu MUKAWA 


(Received May 13, 1959) 


It has been reported that 38-substituted- 
4°-steroids gave the corresponding 5a- 
chloro-6$8-hydroxy compounds on treat- 
ment with isocyanuric chloride, and that 
3-oxo-4°-steroids and their ethyleneketal 
gave the 6$-chloro-5a-hydroxy compounds”. 

Now, similar studies on the reaction of 
3-oxo-4‘-steroids (I) with isocyanuric 
chloride are reported herewith. 

Treating the model compound pro- 
gesterone with isocyanuric chloride in 
acetone-acetic acid (or perchloric acid) 
yielded a chloro compound, having an 
ultraviolet absorption typical for the 4- 


t 


substituent-4-en-3-one system (48/0" 256 my, 
log « 4.12)*-”. The identity of the product 
with 4-chloroprogesterone was established 
by its melting point and the infrared 
spectrum. Therefore, it appears that 4- 
chloroprogesterone (Ic) is formed through 
an intermediate 4€-chloro-5é-hydroxy com- 
pound (II): 


| (Tl (Tl 


(a) R,:=OAc, R2=H, R3;=CH3, Rs=H:2 

(b) R,:=OCOC:H;, R2=H, R3=CH;, Rs=H2 
(c) R,=COCH;:, R:=H, R;=CH;, Ry=H:2 

(d) R,=COCH:;, R2=OH, R3;=CH;, Ry=H2 
(e) R:=COCH;:, R2=OAc, R3;=CH3, Ry=H2 
(f) R,=OH, R:=CH;, R;s=H, Ry=H:2 

(g) R,=COCH:O0OAc, R:=OH, R;=CH;3, Ry=O 


Extension of this chlorination method to 
3-oxo-4'-steroid hormones, led to 4-chloro- 
derivatives, several of which were charac- 
terized by their absorption maximum. 
Since this work was completed, Oliveto 
et al. reported” the preparation of 4-chloro- 


1) F. Mukawa, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi) 78, 452 (1957). 

2) B. Camerino, B. Patelli and A. Vercellone, J. Am. 
Chem. Soc., 78, 3540 (1956). 

3) D. N. Kirk, D. K. Patel and V. Petrow, J. Chem. 
Soc., 1956, 1184. 

4) J. Ringold, B. Batres, O. Mancera and G. Rosenkranz, 
J. Org. Chem., 21, 1432 (1956). 

5) E. P. Oliveto, C. Gerold and E. B. Hershberg, / 
Am. Chem. Soc., 79, 3596 (1957). 


cortisone acetate by N-chlorosuccinimide 
and perchloric acid. 

4-Chlorotestosterone acetate (IIIa) and 
4-chlorotestosterone propionate (IIIb) ex- 
hibited greater anabolic and _ smaller 
androgenic effect in comparison to ad- 
ministeral testosterone propionate, and 
showed no inhibitory effects on the 
gonadotropic secretion upon intraspleenic 
ovarian transplantation”. 

4-Chloroprogesterone (IIIc) and 4-chloro- 
17a-acetoxyprogesterone (IIIe) showed no 
progestational activity. 


Experimental* 


5a -Chloro-38-acetoxy-pregnan-6f-ol.—To a 
mixture consisting of 1.0g. of pregnenolone ace- 
tate, 0.5 g. of isocyanuric chloride and 30 ml. of 
acetone were added ten drops of 30% acetic acid. 
The whole was refluxed for 5min. After cooling 
to room temperature, the mixture was poured 
with stirring into 10% aqueous sodium carbonate, 
and then extracted with ether. The extract was 
washed with water and dried over magnesium 
sulfate, after removal of the solvent, the residue 
was recrystallized from acetone-water to yield 
0.6g. of needles, m.p. 195°C (decomp.), [al} 

36. (c. 1.2). 

Anal. Found: C, 67.26; H, 8.65; Cl, 8.42. 
Calcd. for C23H3;0,4,Cl: C, 67.37; H, 8.60; Cl, 8.65%. 

Preparation of 4-Chloro-3-oxo-4‘-steroids. — A 
solution of 0.5g. of 3-oxo-4‘-steroid and 0.3 g. of 
isocyanuric chloride in 30ml. of acetone was 
refluxed for lhr. with 3ml. of acetic acid or 
10% perchloric acid. The reaction mixture was 
then poured into 10% sodium carbonate solution 
and extracted with ether. Washing of the 
extract with water, drying over magnesium 
sulfate, and evaporation of the solvent led to a 
residue which was purified by recrystallization 
or chromatography on florisil. 

The following 4-chloro-3-oxo-4‘-steroids were 
prepared by this method: 

4-Chlorotestosterone acetate (IIIa), needles, m. p. 
228 C (from acetone), 4E'O# 255 my (log < 4.12); 


1-Chlorotestosterone propionate (IIIb), needles, 
m. p. 164°C (from methanol), 2©'OF 256 my: (log < 


6.12) 3 


6) The parabiotic rat technique was reported: \V 
Clini, G. Baldratti and G. Sala, Experientia, 14, 94 (1958) 
All melting points are uncorrected. Optical rota 

tion was measured in chloroform solution 
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1-Chloroprogesterone (IIIc), needles, m. p. 220°C 


ames 
(from acetone), AE {OH 


256 my (loge 4.20); 
4-Chloro-17 a-hydroxy-progesterone (IIId), needles, 
m.p. 218 C (from methylene chloride-methanol), 


I 


sEtOH 


Ant 256mye (loge 4.11); 


Anal. Found: C, 68.90; H, 8.10. Caled. for 
Cs;HegO:Cl: C, 69.29; H, 8.03%. 

1-Chloro-17 a-acetoxyprogesterone (Ile), needles, 
m.p. 194°C (from acetone after being separated 


by chromatography from benzene on florisil) , 2£°O" 


256 my (loge 4.20); 
Anal. Found: C, 67.85; H, 7.53. 
C.3H;3,0,Cl: C, 68.04; H, 7.70%. 
4-Chloro-17a-methyl-19-nortestosterone (IIIf), 
needles, m.p. 148°C (from ether-hexane after 
being separated by chromatography from benzene 


Calcd. for 


on florisil), 2£'0" 


Anal. Found: C, 70.93; H, 8.90. Caled. for 
Ci9H:2;0:Cl: C, 70.87; H, 8.45%. 


256 mye (loge 4.20); 
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4-Chlorocortisone acetate (IIlg), needles, m. p. 
234°C (from acetone-m-hexane), 25! 254 my 
(log < 4.11). 

Ultraviolet spectra and optical rotations were 


kindly determined by Mr. M. Sawai and Miss 
S. Imai. 


The author wishes to express his sincere 
thanks to Dr. M. Chuman and Assistant 
Professor Y. Nomura of the University of 
Tokyo for their interest in this work. 
Thanks are also due to Dr. O. Kobayashi 
of Teikoku Hormone Manufacturing Co., 
Ltd., and Dr. K. Maekawa of Tokyo 
Jikeikai School of Medicine for bio-assay. 
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Shitanoya-machi, Tsurumi-ku, Yokohama 


Wohl-Ziegler Reaction on 6-Methyluracil and its Homologues 


By Tarozaemon NISHIWAKI and Toshinao GoTo 


(Received July 6, 1959) 


In general, a free radical mechanism has 
been presented for the Wohl-Ziegler reac- 
tion of allylic methyl groups with N-bromo- 
succinimide, but some abnormal reactions 
such as aromatic nuclear bromination and 
addition of bromine to olefinic double 
bonds by this reagent have been believed 
to proceed via an ionic mechanism. Since 
hydroxyl groups in the 2-, 4-, or 6-position 
of pyrimidines tend to increase electron 
availability at the 5-position in the ring, 
it seems very interesting to investigate 
whether such pyrimidines as6-methyluracil 
(1), 2-mercapto-6-methyluracil (II), and 2- 
amino-6-methyluracil (III) are hrominated 
with NBS at allylic side chain or at a 
nucleus. 


OH OH 
N N Br 
X “\N’°CH X “NCH 
(1) X=-OH (IV) X=OH 
(Il) X-SH (VI) X-SH 
(IIL) X=NH, (VII) X=NH, 
\ OH 
N 
S NCH, 
(V) 


The Wohl-Ziegler reactions on methyl- 
pyrimidines are scarecely known.  5- 
Methyl-barbituric acid’ and 5-methyl- 
2,4, 6-trichloropyrimidine’ are brominated 
at the methyl groups while 2-methyl-4H- 
pyrido-(1, 2-a)-4-pyrimidone”’ are bro- 
minated at the nucleus. With N-chloro- 
succinimide (NCS) uracil, thymine and 
2-methylmercapto-6-methyluracil gave nu- 
clear-substituted product in glacial acetic 
acid and allylic side chain substituted- 
products in chloroform plus’ benzoyl 
peroxide” 

When the reaction of 6-methyluracil (I) 
and NBS was undertaken under the 
classical free radical condition, a halogen- 
containing product, which decomposed at 
251°C, was obtained. Analytical values 
indicated that this was the brominated 
compound of I. The melting point of 
5-bromo-6-methyluracil (IV), however, was 
reported to be 247°C (decomp.) by Matsu- 
kawa et al.®°? and to be 241°C (decomp.) 


1) T. Nishiwaki, unpublished work 

2) M. Hasegawa, Pharm. Bull. (Japan), 1, 387 (1953) 

3) R. Adams et al., J. Am. Chem. Soc., 76, 1845 (1954) 

4) R. West et al., ibid, 76, 3146 (1954) 

5) T. Matsukawa etal. J. Pharm Soc Japa 
(Yakugaku Zasshi), 70, 134 (1950) 
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by Kurtev etal.’ The site of the bromine 
atom in the present compound was con- 
cluded to be at C;-position by its unreac- 
tive character (e.g. unsuccessful conden- 
sation with ethyl malonate)” and also by 
the fact that chlorination of this material 
yielded 5-bromo-2, 4-dichloro-6-methylpy- 
rimidine®. Attempted bromination of 6- 
methyl1-2,4-dichloropyrimidine and 5-bromo- 
6-methyluracil failed even under illumina- 
tion with electric light. 
2-Mercapto-6-methyluracil (II) was then 
brominated under the analogous condition. 
The reaction products were separated by 
the difference of solubility in ethyl acetate. 
Ethyl] acetate insoluble compound contained 
no halogen, decomposed gradually over 
290°C and could be recrystallized from 


methanol. From the analytical data, this 
compound was inferred to be identical 
with the starting material or with the 


disulfide (V), solvated with methanol. 
However, the latter structure was denied 
because of unsuccessful reduction with 
sodium borohydride and of the positive 
reaction for the thiol group with sodium 
nitroprusside. The reduction of disul- 
fide bond with sodium borohydride was 
reported by Walton et al.*? This compound 
was identified as the starting material by 
successive benzylation using Bucher’s 
method”. From ethyl acetate soluble 
fraction, a halogen-containing compound 
with m. p. 256°C (decomp.) was obtained, 
which was shown to be 5-bromo-2-mercapto- 
6-methyluracil (VI) by analysis, comparison 
of its physical data with that reported 
by Barrett et al.'', positive sodium 
nitroprusside reaction and failure to 
brominate this product further, while the 
expected compound would be susceptible 
to the further bromination at reactive C:;- 
position, if the bromine had attacked the 
allylic methyl group. Direct bromination 
of pyrimidines having alkyl- or aryl-free 
sulfhydryl group at OC.-position had 
scarecely been reported and Barrett et al. 
prepared 5-brom-2-mercapto-6-methyluracil 
(VI) through demethylation of 5-bromo-2- 
methylmercapto-6-methyluracil by hydro- 
gen iodide. However, it has been revealed 
that this compound was conveniently pre- 
pared by the present method, though in 


6) B. Kurtev et al., Chem. Abstr., 47, 1607 (1953) 

7) None reactivity of halogen atom at C;-position of 
pyrimidine has been discussed. Cf. J. Chesterfield et al 
J. Chem. Soc., 1955, 3178 

8) E. Walton et al., J. Am. Chem. Soc., 76, 4748 (1954) 

9) K. Bucher, Pharm. Acta Helv., 26, 145 (1951) 

10) H. Barrett, U.S. Pat., 2,585,615 (1952) 


11) H. Barrett et al., J. Am. Chem. Soc., 7, 1753 (1948) 
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low yield. As 2-methylmercapto-6-methyl- 
uracil was substituted at an allylic side 
chain by NCS, it was also anticipated 
that this pyrimidine could be brominated 
at the same position. However, contrary 
to the authors’ expectation, none of the 
halogen-containing product was obtained, 
resulting in the quantitative recovery of 
the starting material. 

Under the same condition 2-amino-6- 
methyluracil (III) was also shown to be 
brominated at the nucleus by NBS. 
The reaction product, 5-bromo-2-amino-6- 
methyluracil (VII), seemed to be unstable 
in water, because the aqueous solution of 
this pyrimidine became acidic. 

It has also been disclosed that these 
pyrimidines (I), (II), (III) were brominated 
at C;-position even in the absence of 
benzoyl peroxide, in about the same yield 
as that when benzoyl! peroxide was present. 
From these results it seems possible to 
conclude that electrophilic attack by NBS 
took place at C;-position of these three 
hydroxylpyrimidines. 

During the course of this work, the 
attempt has been made to synthesize 5- 
bromo- 2- benzylmercapto-6-methyluracil. 
However, this product could not be purified 


‘without causing hydrolysis to 5-bromo-6- 


methyluracil. 


Experimental 


5-Bromo-6-methyluracil (I1V).— Mixtures of 6- 
methyluracil (12.6g.), NBS (17.8g.), benzoyl 
peroxide (20mg.) and carbon tetrachloride (100 
ml.) were refluxed for 2.5hr. on a steam bath. 
After cooling, the solid was collected, and was 
heated in ethyl acetate (100ml.) for 50 min. 
The ethyl acetate insoluble material, after being 
collected while hot, was successively washed 
with ethanol (20ml.), water (10ml.), and dried 
at 100 C for one hour, which was recrystallized 
from glacial acetic acid(charcoal), to give 5-bromo- 
6-methyluracil, colorless needles, (9.67 g.), m. p. 
(uncorrected) 251°C (decomp.). 

Anal. Found: C, 29.61; H, 2.50; N, 13.44. Caled. 
for C;H;BrN2O2: C, 29.29; H, 2.45; N, 13.66%. 

5-Bromo-2, 4-dichloro-6-methylpyrimidine. The 
above brominated pyrimidine (IV) (1.50g.) was 
heated with mixtures of phosphorous oxychloride 
(8 ml.) and dimethylaniline (8 ml.) for one hour 
on an oil bath. The excess of dimethylaniline 
was removed under reduced pressure, the residue 
was poured on crushed ice (100g.). Ether ex 
traction afforded, after removal of the solvent, 
a compound, b. p. 65~70°C/10 mmHg. It has solid- 
ified and then was recrystallized from petroleum 
ether (b. p. 30~60-C), colorless needles (100 mg.), 
m.p. (uncorrected) 40~42.5°C. Matsukawa et 
al. gave m.p. 42~43 °C for 5-bromo-2, 4-dichloro 
6-methylpyrimidine. 
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Bromination of 2-Mercapto-6-methyluracil.— Mix- 
tures of 2-mercapto-6-methyluracil ' (1.4g.), 
NBS (1.8g.), benzoyl peroxide (10mg.) and 
carbon tetrachloride (20ml.) were refluxed for 
45min. on a steam bath. After cooling, the 
solid was collected, which was again heated with 
ethyl acetate (20ml.) for 15min. The ethyl 
acetate insoluble material, after being collected 
while hot, was successively washed with ethanol 
(10 ml.), water (10ml.) and dried at 100°C for 
one hour, which was twice recrystallized from 
methanol (charcoal) to give light cream-colored 
rectangulars, (300mg.). This compound began 
to decompose over 290°C. 

Anal. Found: C, 42.22; H, 3.98; N, 18.58. Calcd. 
for C;H;N2-OS-|CH;OH (II): C, 41.98; H, 4.69; N, 
18.66%. 

Ethyl acetate filtrate was evaporated to dryness 
and the residue was twice recrystallized from a 
large volume of ethanol (charcoal) to give 5- 
bromo-2-mercapto-6-methyluracil, in small needles 
(100 mg.), m.p. (uncorrected) 256°C (decomp.). 

Anal. Found: Br, 36.20. Caled. for C;H;BrN:OS: 
Br, 36.15%. 

By concentration of the mother 
cinimide (300 mg.) was recovered. 

Barrett gave m. p. 260°C (decomp.) for 5-bromo- 
2-mercapto-6-methyluracil (VI)'™. 

2-Benzylmercapto-6-methyluracil.—Bucher’s pre- 
parative method for this compound was slightly 
modified as follows. 

A solution of the above ethyl acetate insoluble, 
bromine-free pyrimidine (m.p. was over 290°C) 
(210mg.) in O.5N 


liquor, suc- 


aqueous sodium hydroxide 
(3 ml.) was refluxed with benzyl chloride (1 ml.) 
and ethanol (8ml.) for 20min. on a steam bath. 
After being refrigerated overnight, the precipitate 
was collected, washed with water and recrystal- 
lized from ethanol to give 2-benzylmercapto-6- 
methyluracil in rods (120 mg.), m. p.*(uncorrected) 
183~184°C. 


Bucher gave m.p. 183~184°C for this com- 
pound”. 

5-Bromo-2-amino-6-methyluracil (VII).--Mixtures 
of 2-amino-6-methyluracil'? (1.25¢.), NBS (1.78 


g.), benzoyl peroxide (10 mg.) and carbon 
chloride (20 ml.) 


tetra- 
were refluxed for one hour on 
a steam bath. After cooling, the solid was col- 
lected, which was again heated in ethyl acetate 
(20 ml.) for 20min. on a steam bath. The ethyl 
acetate insoluble material, being collected while 
hot, was washed with water (10 ml.) and dried 
at 100°C for one hour (1.69g.). Recrystallization 


12) H. Snyder et al., J. Am. Chem. Soc., 76, 2441 (1954) 
13) J. Jaeger, Anvn., 262, 365 (1891). 
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from water (charcoal) gave 5-bromo-2-amino-6- 
methyluracil as cream-colored plates (220 mg.), 
m.p. (uncorrected) 249~250°C (decomp.). 

Todd et al. gave m.p. 250°C (decomp.) for 
this pyrimidine. The recrystallization mother 
liquor (pH 4.0) was concentrated at reduced 
pressure to about 5ml. (pH 2.6), which was 
adjusted to pH 7 with 1 N aqueous sodium hydrox- 
ide to give colloidal substance. 

In the bromination of the above three pyrimi- 
dines (I)—(III) in the absence of benzoyl 
peroxide, yields and melting points were shown 
in Table I. 


TABLE I. BROMINATION OF I, II AND III IN 
THE ABSENCE OF BENZOYL PEROXIDE 
with NBS 


Pyrimidines —- m. p. 
examined Yield (decomp.), ~C 
I (0.6 g.) (400 mg.) 249 
II (1.4 g.) ( 50 mg.) 256 

Ill (1.2 g.) (200 mg.) 246 


Bromination of 2-benzylmercapto-6-methyluracil. 

2-Benzylmercapto-6-methyluracil (4.0g.) was 
dissolved in glacial acetic acid (50ml.) contain- 
ing acetic anhydride (2.5ml.). To this solution 
was added bromine (5ml.) in glacial acetic acid 
(20 ml.) with stirring during 10min. After 
heating on a steam bath for 15 min. with stirring, 
a yellow precipitate was collected (3.0g., m.p. 
200°C, decomp.) which was recrystallized from 
95%o ethanol (charcoal) to give colorless rods, 
m. p. (uncorrected) 249~250°C (decomp.). 
Recrystallization from absolute ethanol or glacial 
acetic acid also gave the same _ hydrolized 
compound, 5-bromo-6-methyluracil. 

Anal. Found: N, 13.58; Br, 38.69. 
C;H;BrN:O2: N, 13.66; Br, 38.98%. 


Calcd. for 
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14) A. Todd et al., J. Chem. Soc., 1947, 41. 
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Antioxygenic Activity of Lecithin and its Hydrolysis Products. III. 
Lecithin, Glycerophosphorylcholine, Phosphorylcholine, 
Phosphatidic Acids, Choline and Glycerol 


By Chieko URAKAMI and Haru KAMEYAMA 


(Received May 4, 


It was reported that choline among 
other hydrolysis products of phosphatides 
such as glycerol, oleic and linoleic acids, 
glycerophosphoric acid, and aminoethyl 
alcohol was the only one active against 
oils of plant origin’. The opinion of 
other investigators’, however, was that 
the active entity in the phosphatide mole- 
cule is the phosphoric acid residue and that 
lecithin in which the hydroxyl of the 
phosphoryl! group is involved in zwitter- 
ionic combination should show no activi- 
ty’?. Olcott and Mattill”, and also 
Hilditch and Paul reported that purified 
lecithin was inactive. However, the 
purities of the substrates as well as those 
of the samples of lecithin which were 
employed Uy these investigators were 
doubtful. 

It has been known that some minor 
impurities present in substrates or in 
samples of phosphatides may act syner- 
gistically with a compound which has no 
activity in itself or conversely inhibit 
activity of a truly active compound. As 
the authors have demonstrated with the 
glycerophosphoric acids®, the method used 
for purification of the substrate is im- 
portant in evaluating antioxygenic activity. 
In this connection, it is of interest to note 
the recent paper of Olcott”. He demon- 
strated that a minute amount of free fatty 
acids added to substrates influenced 
antioxygenic properties of various com- 
pounds. Therefore, those results obtained 
with substrates which had been purified 
by mere solvent fractionation and distil- 
lation would not be trustworthy. 


1) R. Strohecker et al., Z. Untersuch. Lebensm., 79, 23 
(1940). 

2) ‘H. S. Olcott and H. A. Mattill, Oil & Soap, 13, 98 
(1936). 

3) H. J. Dutton et al., J. Am. Oil Chemists’ Soc., 26, 
441 (1949). 

4) V.P. Calkins, J. Am. Chem. Soc., 69, 384 (1947). 

5) T. P. Hilditch and S. Paul, J. Soc. Chem. Ind., 58, 
21 (1939). 

6) C. Urakami et al., This Bulletin, 32, 36 (1959). 

7) H.S. Olcott, J. Am. Oil Chemists’ Soc., 35, 597 
(1958). 


1959) 


In regard to purification of lecithin, it 
is fairly recent’? that the separation of 
phosphatidylcholines from other com- 
ponents of phospholipids and impurities 
can be achieved by column chromato- 
graphy, indicating inadequacy of purifica- 
tion by the acetone precipitation method. 
Therefore, reinvestigation of natural 
lecithin is desirable in order to ascertain 
the varied results reported in the litera- 
ture. The study on its hydrolysis products 
such as phosphatidic acids, glycerophos- 
phorylcholine, phosphorylcholine, choline 
and glycerol is also desirable in elucidating 
structural requirements of phospholipids 
for antioxygenic activity. 


Experimental 


Materials.— Methyl oleate.—The ester was pre- 
pared from olive oil (Nihon Yushi Co.) essentially 
in the same manner as described previously®, 
except that the treatment with urea preceded 
the fractionation by low temperature crystalliza- 
tion from acetone. The fraction used as substrate 
had the following constants: b. p., 203~203.5°C/10 
mmHg; n¥) 1.4526; Saponification No., 188.9; Iodine 
No., 89.9. The ultraviolet absorption spectra of 
this sample in ether showed E}%°, 0.930 at 270my, 
indicating the presence of a small amount of 
unsaturated fatty acid esters other than the 


monoethenoid. 

Orthophosphoric acid. — The analytical reagent 
grade (approximately 85%) of Mallinckrodt 
Chemical Works was dried over phosphorus 


pentoxide in a vacuum desiccator for four days 
or until a constant weight was attained. 

Glycerol.—A fraction distilled at 140°C/3 mmHg 
was dried over phosphorus pentoxide in a 
vacuum desiccator. 

Choline. — Free choline was prepared from 
choline chloride by shaking its aqueous solution 
with freshly precipitated silver hydroxide™. The 
yield was over 90% of the theoretical. 

a- & §-Glycerophosphoric acids.—The free acids 
were prepared from the corresponding sodium 
salt in the same manner as described in the 
previous paper”. 


8) D. J. Hanahan et al., J. Biol. Chem., 192, 623 (1951). 
9) D.N. Rhodes and C. H. Lea, Biochem. J., 65, 526 
(1957). 
10) H. W. Dudley, J. Chem. Soc., 119, 1260 (1921). 
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Phosphorylcholine chloride.—The barium salt of 
phosphorylcholine chloride was synthesized by 
H. Okura according to the method described by 
Baer'». The barium ion was precipitated as the 
sulfate and the clear supernatant liquid separated 
after removing the sulfate by centrifugation was 
concentrated to a small volume. The residue 
was treated with 95% ethanol and any precipitate 
formed was removed completely by centrifugation. 
The clear filtrate was concentrated to give 
which was dried over phos- 


Syrupy material, 
phorus pentoxide. The yield was approximately 
83725. 

Phosphorylcholine. — The chloride ion of the 


barium salt of phosphorylcholine chloride was 
removed first by precipitating as silver chloride 
with freshly prepared silver hydroxide (shaking 
was continued until the aqueous solution showed 
negative Beilstein test). The barium cation was 
removed in the manner described above for the 
preparation of phosphorylcholine chloride from 
its barium salt. 

Lecithin. — Crude lecithin 
yolk by the conventional 
precipitation was purified by 
method of Rhodes and Led”. 

Phosshatidic acids..-The sample was prepared 
by M. Okada by interacting the lecithin prepared 
as above with lecithinase C (also called phos- 
phatidase C or phospholipase D) of carrot roots 
in a manner similar to the method described by 
Kates™. Analysis showed that the sample con- 
tained about 70%, phosphatidic acids and minor 
amounts of monoacylglycerophosphoric acids and 
glyceride-like substances. 

DL-a-Glycerophosphorylcholine. — This. compound 
was also synthesized by H. Okura according to 
the method of Baer and Kates! A ratio of a- 
glyceryl ester to choline was found to be 1.03:1.0. 

Autoxidation.—Each compound was added to 
the substrate at a concentration of 0.1%. with 
the use of an appropriate solvent. The rest of 
the procedure employed was exactly the same 
as that described previously. The bath tem- 
peratures of 45 and 60°C were studied, the latter 
being chosen for comparison of the efficiencies 


isolated from egg 
method of acetone 
slightly modified 


of those found active. 
Peroxide Determination. —- The 
viously described was employed. 


method pre- 


Results 


Purified ovo-lecithin, known to be L-a- 
lecithin, and pt-a-glycerophosphorylcholine 
were found to be inactive at 45°C as shown 
in Fig. 1. Both compounds were, how- 
ever, found to be somewhat active at this 
temperature when methyl! oleate purified 
by the method of low temperature solvent 
fractionation alone was used (Fig. 2.). 
Here again it should be emphasized that 


) E. Baer, J. Am. Chem. Soc., 69, 1253 (1947). 

) M. Kates, Can. J. Biochem. Physiol., 33, 575 (1955). 
}) E. Baer and M. Kates, J. Av. Chem. Soc., 70, 1394 
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Fig. 1. Peroxide values against time at 
45°C. 

: Methy!] oleate alone. : Methyl oleate 
containing 0.1%, ovo-lecithin. Methyl 
oleate containing 0.1%, DL-a-glycero- 
phosphorylcholine. @: Methyl oleate 
containing 0.1% a-glycerophosphoric 
acid. 
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Fig. 2. Peroxide values against time at 
15-C, using partially purified methyl 
oleate. 

: Methyl oleate alone. |: Methyl! oleate 
containing 0.1%, ovo-lecithin. Methyl 
oleate containing 9.1%  DL-a-glycero- 
phosphorylcholine. @: Methyl oleate 
containing 0.1% a-glycerophosphoric 


acid. 


the method of purification of substrates is 
very important as the authors have 
advocated. 

Choline was found to be inactive both 
at 45 (Fig. 3) and 60°C (not shown here). 
It was also found to be inactive in oleic 
acid at 50°C. Consequently, choline itsef 
is definitely inactive contrary to the result 
reported by Strohecker et al.” 

Glycerol tested at 60°C exhibited no 
activity and thus is considered to be an 
inactive compound in purified methyl 
oleate. 

Phosphorylcholine chloride was found 
to be active both at 45 (Fig. 3) and 60°C 
(Fig. 4) and the free phosphorylcholine 
more active than the chloride at 60°C. 

The sample of phosphatidic acids em- 
ployed in this experiment showed an 
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Fig. 3. Peroxide values against time at 
45°C. 
>): Methyl oleate alone. : Methyl oleate 
containing 0.1% choline. Methyl 


oleate containg 0.1% 
chloride. 
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Fig. 4. Peroxide values against time at 
60°C. 

>): Methyl oleate alone. : Methyl oleate 
containing 0.1% phosphorylcholine 
chloride. : Methyl oleate containing 


0.1% phosphorylcholine. 
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Fig. 5. Peroxide values against time at 
60°C. 


: Methyl oleate alone. : Methyl oleate 
containing 0.1% phosphatidic acid. 
Methyl oleate containing 0.1% j- 
glycerophosphoric acid. @: Methyl 
oleate containing 0.1 orthophosphoric 
acid. 


activity comparable to that of glycero- 
phosphoric acids (Fig. 5). This result 
must, however, be considered with some 
reservation since the control of the purity 
of the natural free acids was very 
difficult, just as has been recorded in the 
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literature, i.e. the acids easily lose the 
fatty acid residues when ethanol or a 
small amount of moisture is present’! 

The relative efficiencies of the active 
compounds were compared at 60°C and 
numerical values obtained by using the 
following expression: 7,/7,, where Ty, is 
the time required to give 20 mm in peroxide 
value when 0.1% of an active substance 
is present and 7, that required to show 
the same peroxide value by the substrate 
itself. This method of expression is a 
modification of that used by Emmanuel et 
al. As shown in Table I, orthophosphoric 
acid is the most active one, followed by 
phosphorylcholine, phosphatidic acid, and 
phosphorylcholine chloride. 


Discussion 


Since glycerol was found to be inactive, 
the activity observed with the glycero- 
phosphoric acids must be due to the 
phosphoryl moiety, apparently the glycerol 
moiety not participating. The absence of 
activity in pt-a-glycerophosphorylcholine 
also supports the fact that the glycerol 
moiety is not involved. This would mean 
that the alcoholic O-H or C-H linkage of 


‘the glycerol moiety is not readily attacked 


by free radicals, at least not as readily 
as the a-methylene group of the methyl 
oleate. This observation is in accord with 
the order of bond strengths of these three 
linkages. The bond strength of the O-H 
linkage is 110 kcal./mol.; that of the C-H 
of the a-methylene, 80kcal. mol. or less 
than 64 when activated by resonance; and 
that of the C-H in the glycerol moiety, 
greater than 80kcal./mol., since an effect 
produced by the alcoholic hydroxyl group 
on the C-H linkage is known to be much 
less than that by the a-double bond. 

The activity shown by phosphorylcholine 
and its chloride is again attributed to the 
phosphoryl moiety since choline was found 
to be inactive. It appears that two methyl- 
ene groups present in the phosphoryl- 
choline molecule are less readily attacked 
than the a-methylene of the methyl oleate 
molecule. 

It has been reported that ovo-lecithin 
purified by the method similar to the one 
the authors employed contained stearic acid 
in the §-position and an unsaturated acid 
in the a-position'’». Since no activity was 


14) J. Olley, Chem. & Ind., 73, 1069 (1954) 
15) N. M. Emmanuel et al., Myasnaya Ind. S.S.S.R., 
29, No. 2, 52 (1958); Chem. Abstr., 52, 177554h (1958). 


16) D. J. Hanahan, J. Biol. Chem., 211, 321 (1954). 
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observed with the sample of lecithin used, 
it appears that the unsaturated fatty acid 
moiety in the lecithin does not compete 
with the a-methylene group of the sub- 
strate molecule. Thus, participation of the 
fatty acyl groups of ovo-lecithin can be 
excluded. However, the behavior of the 
fatty acids present in the sample of 
phosphatidic acids may differ from that 
of the lecithin fatty acyl group although 
the former was prepared from the same 
sample of lecithin used for the activity 
study. Kates'” states that the isolated 
phosphatidic acids contain C,; fatty acids 
and about 20% of phosphatidic acid 
derived from the phospholipids present in 
the chromoplasts. Since the naturally 
occurring phosphatidic acids are said to 
be highly unsaturated, the fatty acid 
residue present in the sample of phos- 
phatidic acids used is considered to be 
more highly unsaturated than those pre- 
sent in the lecithin originally subjected 
to the enzymatic action. Therefore, the 
activity observed with phosphatidic acids 
may partly be ascribed to autoxidation 
of the highly unsaturated fatty acyl 
group. However, it is highly probable 
that the phosphoryl! residue has played a 
major role since the glycerophosphoric 
acids have been shown to be active, 
almost as active as phosphatidic acids 
(Fig. 5). 

The foregoing discussion leads to the 
conclusion that the phosphoryl moiety is 
responsible for antioxygenic activity. A 
question arises, however, as to the absence 
of activity in ovo-lecithin and pt-a- 
glycerophosphorylcholine despite the pres- 
ence of the phosphoryl group in both 
molecules, The authors tentatively at- 
tribute this to the zwitterionic forms of the 
molecules, as suggested earlier by Olcott 
and Mattill® and Calkins”. No definite 
conclusion concerning this can be drawn at 
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this stage of investigation, for it is neces- 
sary to reveal true behavior of cephaline 
under identical conditions. It is said to 
be active according to the earlier investi- 
gators. 

It would be of interest to examine 
whether the activity ratios, 7./7., relate 
to some characteristics of the molecules 
of those found to be active such as acidity, 
the number of the free hydroxyl of the 
phosphoryl] group or the ratio of the molec- 
ular weight of phosphoric acid to that of 
each of the active compounds. 

As shown in Table I, an order of acidity 
is $-glycerophosphoric acid > a-glycero- 
phosphoric acid >orthophosphoric acid 
phosphatidic acid > phosphorylcholine and 
its chloride, but this is not in accord with 
the order of activity ratio, orthophosphoric 
acid > phosphatidic acid and phosphoryl- 
choline > phosphorylcholine chloride > a- 
glycerophosphoric acid > $-glycerophos- 
phoric acid. Similarly, no _ significant 
relations can be found between the activity 
ratios and the number of the free hydroxyl 
of the phosphoryl group in each molecule, 
e. g. phosphorylcholine which is considered 
to have only one free hydroxyl, shows a 
stronger activity than does its chloride or 
§-glycerophosphoric acid although ortho- 
phosphoric acid with three free hydroxyl 
groups is exceptionally strongly active. 
Interaction of the alcoholic hydroxyl with 
the oxygen and hydroxy] of the phosphoryl 
group in the §-glycerophosphoric acid 
should, of course, be taken into considera- 
tion in this connection, but this will be 
dealt with in a later paper. The ratios of 
the molecular weight of phosphoric acid to 
that of each of the active compounds also 
bear no relation to the activity ratios. 

Thus, it appears that other factors must 
be sought to understand how the phos- 
phoryl group participates in exhibiting 
antioxygenic activity or in other words to 


TABLE I. RELATION OF ACTIVITY RATIOS OF ACTIVE COMPOUNDS WITH 
SOME OF THEIR CHARACTERISTICS 
H;:PO, PA PC PCCl 5-GP a-GP 
Ta/To at 60°C 2.48 1.39 1.40 1.27 1.31 d 
pKa 1.97 a b c 1.37 1.40 
No. of free OH available 3 2 1 2 2 2 
M. wt. of H2PO,/ that of compound 1 0.14 0.54 0.44 0.57 0.57 


PA represents phosphatidic acids; PC, phosphorylcholine; PCCl, phosphorylcholine 


chloride; a- and §-GP, a- and j-glycerophosphoric acids. 


somewhat weaker than that of a-GP. 


b) and c) 


a) This is expected to be 
These are weaker than any of the 


rest of the compounds listed due to the presence of the choline base in their mole- 


cules. 
result obtained at 45°C®. 


d) It is expected to be somewhat higher than 1.31 of §-GP according to the 
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understand mechanisms involved. For 
this, the authors have porposed that an 
oxygenated substrate molecule interact 
with the phosphoryl group to give highly 
conjugated compounds which undergo 
autoxidation much more readily than does 
the substrate molecule. Further investi- 
gation on this problem is underway. 
Incidentally, Hanahan et al.'” reported 
that phosphorylcholine and glycerophos- 
phoric acids (in conjunction with choline) 
stimulated oxygen consumption of the 
isolated rat liver mitochondria, the 
former being particularly strongly active. 
Lecithin and _ glycerophosphorylcholine 
were found to stimulate some oxygen 
consumption but only under special con- 
ditions. The enzymatic system such as 
this is far more complex than the system 
under consideration and in no way should 
these two systems be compared. However, 
one can not deny a possibility that reac- 
tions taking place in both systems may 
be found to be related, in view of the 


17) M. Rodbell and D. J. Hanahan, ibid., 214, 595 (1955). 
18) B. Commoner et al., Nature, 174 689 (1954). 

19) I. Miyagawa et al., Proc. Natl. Acad. Sci. U. S., 
44, 613 (1958); Chem. Abstr., 53, 2325e (1959) 
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recent finding that free radicals are 
present in biological systems'*'”. 


Summary 


Purified ovo-lecithin, ptL-a-glycerophos- 
phorylcholine, choline and glycerol were 
found to exhibit no antioxygenic property 
against carefuily purified methyl oleate. 
Phosphorylcholine, its chloride and natural 
phosphatidic acids, on the other hand, 
showed activity. 

The order of activity efficiency at 60°C 
was found to be orthophosphoric acid > 
phosphatidic acid and phosphorylcholine 
> phosphorylcholine chloride > a-glycero- 
phosphoric acid > f - glycerophosphoric 
acid. The discussion is presented to show 
that the phosphoryl moiety is predomi- 
nantly responsible for antioxygenic 
activity. 


The authors are indebted to Misses M. 
Ishida, J. Kondo, K. Yamaguchi and K. 
Sakamoto for their technical assistance. 


Faculty of the Science of Living 
Osaka City University 
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Since the elucidation of the structures 
of Garrya alkaloids by K. Wiesner’, a 
number of alkaloids have been shown to 
be related to the tricyclic diterpenoid 
Lycoctonine®” as well as lucidusculine”, 
both of which have been studied in this 


* Approaches to the Synthesis of Diterpenoid Alkaloid 


Models. I. Part II: T. Matsumoto and A. Suzuki, This 
Bulletin, 32, 1283 (1959). 

1) K. Wiesner, Experientia, 11, 255 (1955). 

2) For reviews, see E. S. stern in ‘‘The Alkaloids”, 
Vol. 4, Academic Press, New York (1954), p. 275; A. R 
Pinder, ‘* Annual Reports on the Progress of Chemistry "’ 
Vol. 52, The Chemical Society, London (1956), p. 253; 
G. F. Smith, ibid., Vol. 53, (1957), p. 248; idem., ibid 
Vol. 54, (1958), p. 260 


uginome, S. Imato, Yamad 
32, 819 (1959) 
ya, ibid., 30, 667 


r. Shima, ibid., 32 


a and N. Katsui 


Suginome, T 





1957); H. 


laboratory under the _ leadership of 
Professor H. Suginome for the past several 
years, are supposed to belong also to this 
class. Mainly in this connection, the 
authors became interested in constructing 
model compounds with the 2-aza-perhydro- 
1, 4a-(propano)-phenanthrene ring system 
(1). In the present paper the authors 
describe the preparation of 2-methoxy-5- 
hydroxy-l-naphthylacetic acid (II) and of 
other suitably substituted 1,2,5-naphtha- 
lene derivatives, which appeared to be 
potentially useful building blocks for the 
synthesis of the above skeleton (I). At 
first, the synthesis of 1-hydroxymethy]-2- 
methoxy-5-hydroxynaphthalene (III), which 
would form the B, C ring of the hydro- 
phenanthrene, was attempted. 
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w Pa 
|} C | 
, A a / L va a 
rN R+N B 
~~ OH . 
ow” 
arryir I 
A» oa 
HOOC-CHx,“S~*OH = HO-CH2_ “10H 


CHs0O4A CHO“ 


The starting material for this purpose 
was 1-acetoxymethy]l - 2- acetoxy -5-acet- 
amidonaphthalene (V), which was prepared 
from 1-piperidino-methy]-5-acetamido-2- 
naphthol (IVa) by a slight modification of 
Cornforth and Robinson’s method” from 
5-acetamido-2-naphthol. 


NHCOCH, NHCOCH 
r F lie \ Van d 2 
(>a (yY)— 
HO’\/ \Z RO’\/4\A 
CH, 
NC;Hyo 
(IV) a, R-H 
b. R=CH,; 
NHCOCH, 
; >» (VI) —_ 
CH,COO’ \\ 
CH.OCOCH, 
(V) 
CH,CONH-Z  CH,CONH-Z S 
Wk, iticaeo < -CH.OCH, 
OCH, ~ \OCH,; 
(VII) 
NHCOCH, 
RO’\’* 
CH.OH 
(VIII) a, R-H 
b, R-CH; 


Attempts to hydrolyze the triacetyl com- 
pound V with aqueous alkali however 
resulted in the formation of an amorphous 
product VI which could not be caused to 
crystallize by any means. After methyl- 
ation with dimethyl sulfate a crystalline 
methyl derivative was obtained. The 
derivative was not, however, the expected 
compound VIIIb. The elemental analysis, 
determination of the methoxyl group, and 
measurement of molecular weight of the 


5) J. W. Cornforth, O. Kauder, J. E. Pike and R. 
Robinson, J. Chem. Soc., 1955, 3348. 
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methyl derivative indicated that its 
formula corresponds to (C.;H2:N20.(OMe):. 
In addition, the compound exhibited in- 
frared absorption in nujol at 3280 (N-H), 
1645 (amide I), 1510 (amide II), 1275 (aryl 
ether), 1100 (alkyl ether), 800 (three 
adjacent H), 805cm~! (three adjacent H)”. 
On these grounds formula VII is proposed 
as a likely structure for this compound, 
the point of attachment (dotted line) of 
disubstituted naphthylmethyl moiety how- 
ever being uncertain. Fromation of this 
coupled product may be interpreted as 
follows: 


NHCOCHs NHCOCHs 
wfYS 4 i ae ee 
H-O° SNF Or 
CH2;OH CH: 
ies » 
\ 
a NHCOCHs 

"ia ” ii ) 

HOSA? 

CH20H 


Reaction behaviors of certain phenolic 
Mannich bases have already been ex- 
plained in a similar manner”. According 
to the above view, the formation of the 
coupled product should be _ controlled 
through replacement of the _ phenolic 
hydroxyl by a methoxyl group. 1-Piperi- 
dinomethyl-5-acetamido-2-naphtho! methyl 
ether (IVb), which would form a methoxyl 
derivative (VIIIb) through acetolysis and 
hydrolysis, however could not be obtained 
by treatment of IVa with diazomeths 
probably because compound [Vz 
almost completely as a zwitter ‘o 


6) The absorption bands ai 
the presence of two naphthale 
three adjacent hydrogen atoms, re 
on p. 37. 

7) (a) K. Auwers, Ber., 36, 1878 Urxr, . 
Auwers, Ann., 344, 131 (1906). (c) K. Auwers anu 
Bullmann, Ber., 59, 2715 (1926); H. R. Snyder and J. H. 
Brewster, /. Am. Chem. Soc., 7%, 4230 (i948); C. E. 
Daigliesh, ibid , 71, 1697 (1949). 

8) L. J. Beliamy, ‘* The Infrared Spectra of Complex 
Molecules”’, 2nd Ed.. Methuen & Co., Ltd., London (1958), 
p. 207. 

9) Reported infrared spectra of anoboline (i) and the 
compound (ii) exhibit very weak absorption bands at 
N-H and O-H stretching vibration region and broad 
absorption band at 2260~2800cm™! region. The assign- 
ment of 3440 and 3400cm™! bands of compoud IVa is 
however not conclusive. One of them might be respon- 
sible for the hydroxyl group. 

O 

CH 


O NH /COOC:2Hs 


/NH 





O’“\Y 
OH 
(i) (ii) 
R. A. Heacock and Léo H. Pflieninger and H. 
Marion, Can. J. Chem., Kasiwagi, Ber., 88. 
34, 1782 (1956). 550 (1955). 
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dipolar character seems to be reflected by 
the infrared absorption of IVa. 


OH GH 
(Vib ——- | }— ij 
‘ony ™ ce) 
CH2-0-H 
IX 
OH OH 
IX ae I 4 Tt 
~ |CH2-O-H 
oO ) 


The compound in chloroform exhibited 
twin secondary amide N-H absorption 
bands” at 3400 and 3440 cm~', a broad weak 
band extending from 2260 to 2800 cm~', and 
no absorption band characteristic of the 
hydroxyl group”. 

Since the first attempt to synthesize 
1-hydroxymethy1-2-methoxy-5-naphthol was 
thus unsuccessful, and moreover, since it 
was felt that hydronaphthalene (IX) or 
hydrophenanthrene (X) derived from the 
naphthol might be likely to undergo 
carbon-carbon bond cleavage at a certain 
later stage as illustrated above, the present 
authors abandoned attempts to find condi- 
tions to eifect conversion V->VIIla and 
turned attention to the preparation of 2- 
methoxy-5-hydroxy-l-naphthylacetic acid 
(II) which contains two, rather than one, 
side chain carbon atoms. Introduction of 
the carboxymethyl group to naphthalene 
nucleus has been achieved by two methods. 
Sieps invoived are suminarized as follows: 


Method A 


NHCOCH3, NHCOCH3 
AS. CH2=CHCH2Br Yn / 
oH “~~ K.CO3 o’ VW 
CH»2-CH=CH2 
(XI) 
NHCOCH; NHCOCH; 
KMnO, F ie a 
> | | > | f 
Ro “4 cH, Y ~ 
CH:,-CH=CH:; CH:COOH 
(XII) a, R=H (XIII) 
b, R=CH; 
NHCOCH; 
rn 
cH, “~~ 
CHO 


(XIV) 
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NHCOCH, 
NaBH, - 
(XIV) — 
CH,;0 
CH,OH 
(VIIIb) 
Method B 
NHCOCH 
NaCN . 
(IV) > 
we YY 
CH.2CN 
(XV) a, R=H 
b, R=CH 
NH OR 
HCl gin 
> > 
CH,0O F cH,0 Y © 
CH:COOH CH.COOR’ 
(XVI) (Il) R=H, R'=H 
(CH.C (XVII) R=COCH:, R'=H 
1 OHOO?9 (XVIII) R=H, R'—CHs 
NHCOCH; 
Cau + Cl“ 
CH:COOH 
(XII) 
Of these, method B gave an excellent 


result. 

The reaction of 5-acetamido-2-naphthol 
with allyl bromide in boiling acetone 
afforded the allyl ether (XI) in quantita- 
tive yield. The latter compound, on being 
heated in an atmosphere of nitrogen for 
an hour at 185~195°C, was converted into 
l-allyl-5-acetamido-2-naphthol (XIIa) in a 
yield of 99.5%. The methylation of XIla 
with dimethyl sulfate in the presence of 
alkali proceeded without difficulty (yield, 
81.7%). For the formation of naphthyl- 
acetic acid, the methyl ether (XIIb) was 
then treated with potassium permanganate. 
Oxidation at room temperature resulted 
in the formation of a difficultly separable 
mixture, but at below 10°C in ethanol, 
even though in a yield of 13%, the desired 
acid (XIII) was obtained along with a non- 
acidic product (20%). The latter compound 
was characterized as 2-methoxy-5-acet- 
amido-l-naphthaldehyde (XIV) on_ the 
basis of elemental and infrared spectral 
analyses. The aldehyde was smoothly 
reduced in a good yield (94%) to the cor- 
responding alcohol (VIIIb) by the use of 
sodium borohydride. Two promising 
intermediates, XIII and VIIIb, have thus 
been obtained. However, for the present 
purpose, the yield of the oxidation stage 
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TABLE I 
Substituents 1650~1500 cm~! 900~700 cm 
a) c) b) 
1-NHAc 1630 1617 1602 1580 1533 1512 905 890 830 802 773 750 
5-Allyl (s) (s) (m) (m) (s) (s) (s)(w)(m)(s)(s)(s) 
6-OH 
(XIIa) 
a) c) b) 
1-NHAc 1645 1620 1598 1585 1540 1505 895 874 840 798 755 735 
5-Allyl (3) (8) (m) (w) (s) (8) (w)(w)(w)(s)(m)(s) 
6-OMe 
(X IIb) 
a) ¢) b) 
1-NHAc 1642 1620 1598 1580 1545 1507 890 875 840 795 760 725 
5-CH»CO.H (s) (m) (w) (Ww) (s) (Ss) (w)(w)(w)(s)(m) (m) 
6-OMe 
(XIITD) 
a) c) b) 
1-NHAc 1650 1620 1600 1570 1540 1510 890 845 820 800 755 720 
5-CHO (s) (m) (w) (w) (m) (m) w)(w)(m)(s)(s)(S) 
6-OMe 
(XIV) 
a) b) 
1-NHAc 1645 1620 1597 1590 1545 1507 875 845 810 792 753 720 
5-CH-OH (s) (m) (w) (Ww) (m) (s) (m)(w)(w)(s)(s)(s) 
6-OMe 
(VIIIb) 
a) b) 
1-NHAc 1640 1620 1595 1580 1532 1508 890 880 850 837 812 795 750 720 
5-Pr” (s) (m) (w) (Ww) (m) (s) (w) (w) (w) (Ww) (w) (s ) (m) (m) 
6-OMe 
a) b) 
1-NHAc 1640 1620 1595 1580 1540 1510 890 870 842 825 815 796 755 720 
5-CH2CHCH: (s) (m) (w) (w) (m) (s) (w) (w) (w) (m) (m) (s)(s) (m) 
Br Br 
6-OMe 
a) b) 
1-NHAc 1648 1624 1602 1590 1565 1510 900 890 873 855 844 820 800 765 725 
5-CH-OAc (s) (m) (w) (Ww) (s) (m) (m) (w) (w) (w) (w) (w)(s)(s)(s) 
6-OAc 
(V) 
¢) c ) c) »b) 
1-NHAc 1635 1620 1610 1584 1545 1535 1510 900 865 850 820 800 755 720 
5-CH; (m) (s) (m) (w) (s) (s) (Ss) (w) (w) (w) (m) (s ) (m) (m) 
6-OH 
a) c) b) 
1-NHAc 1640 1617 1600 1582 1545 1512 895 879 870 858 843 818 796 783 745 720 707 
5-CH2NC; Hi (s) (s) (w) (w) (s) (s) (w) (w)(w)(w)(w)(s)(s)(s)08s)(w)(w) 
6-OH 
(IVa) 
a) 
1-N(CH;) Ac 1647 1617 1595 1580 1510 900 862 830 805 790 757 723 
5-CH.CN (s) (s) (m) (m) (m) (w) (m) (m) (s ) (m) (m) (w) 
6-OMe 
a) b) 
1-NHAc 1650 1620 1600 1587 1530 1508 910 890 860 855 830 805 755 725 
5-CH-CN (s) (s) (m) (m) (m) (s) (m) (m) (w) (w) (m)(s)(s)(m) 
6-OH 
(XVa) 
a) b) 
1-NHAc 1645 1623 1600 1580 1545 1510 910 890 860 835 815 800 755 725 
5-CH-CN (s) (m) (w) (w) (m) (s) (m) (m) (w)(m)(m)(s)(s)(m) 
6-OMe 


(XVb) 





January, 1960] 


ay 


Synthesis of 1,2,5-Trisubstituted Naphthalene Derivatives 37 


875 837 825 805 755 735 723 
(w) (m) (m) (s ) (m) (m) (m) 


900 870 835 818 805 760 735 720 
(m) (m) (w) (m) (s ) (m) (m) (m) 


876 865 837 820 800 760 725 
(w) (w) (m) (w) (s ) (m) (m) 


TABLE II 


1-OH 1625 1600 1582 1520 
5-CH2CO2H (m) (m) (m) (m) 
6-OMe 
(II) 
1-OAc 1625 1600 1580 1515 
5-CH2CO:H (m) (m) (w) (m) 
6-OMe 
(XVII) 
1-OH 1625 1595 1580 1520 
5-CH2CO2.Me (m) (m) (m) (m) 
6-OMe 
(XVIII) 
Substituents 1650~1500 cm~! 
1-OH 1630 1597 1580 1515 
(m) (s) (s) (m) 
2-OH 1629 1600 1586 1521 
(es) (es) Gu) (8) 
1-OH 1630 1605 1585 1515 
6-OH (m) (m) (s) (m) 
a) c) b) 
1-NHAc 1625 1600 1590 1540 1510 
6-OH (s) (m) (w) (s) (s) 
a) c) ec) b) 
1-NHAc 1645 1630 1602 1590 1550 1507 
6-O- Allyl (s) (s) (w) (w) (s) (m) 
(XI) 
a) amide I b) amide II c) shoulder 


was too low. Therefore, plans were again 
changed and exploration was made of an 
alternative route, method B. 

On treatment of IV with sodium cyanide 
in aqueous ethanol for 12 hr. under reflux, 
1-cyanomethyl-5-acetamido-2-naphthol was 
obtained in almost quantitative yield'”. 

Methylation of XVa to XVb (yield, 93%) 
by dimethyl sulfate in sodium hydroxide 
solution, followed by hydrolysis with 
hydrochloric acid in aqueous’ ethanol 
afforded the amino acid hydrochloride 
(XVI-HCl). In this case, when an excess 


10) Inthe reaction of 1-dimethylaminomethy]-2-naphthol 
vith sodium cyanide the diarylmethane (iii) is formed 
at least in 20% yield [J. Brewster, ‘‘ Organic Reactions”’, 
Vol. VII, John Wiley & Sons, Inc., New York (1953), p. 
109] clearly through the process outlined below. It is 
interesting that in the present case, no dinaphthylmethane 
was produced, although its formation was expected. 


™ yt ¥CH2-NC2H; CH: y) y — 
SAH, * A 
HO” 

OH 

CH.NCH, 7} cS 

b-Oh ANT —e AN CE 

70 HON --OH HON 
(iii) 


900~700 cm-! 
876 862 790 765 
(m)(m)(s)(s) 
903 875 843 813 765 740 
(m)(m)(s)(s)(w)(s) 
872 855 348 832 818 780 747 
(m)(s)(s)(m)(m)(s)(s) 


862 852 822 790 770 750 
(s)(s)(m)(m)(s)(s) 


890 860 835 826 790 767 750 725 
(w) (m) (m)(s ) Cw) (m) (m) (m) 


of dimethyl sulfate and of alkali was used, 
1-cyanomethy] - 2- methoxy -5-(N- methyl)- 
acetamidonaphthalene was formed as a 
by-product. The reaction of the amino 
acid (XVI) with acetic anhydride gave 
2-methoxy - 5 - acetamido - 1-naphthylacetic 
acid, which should be identical with com- 
pound XIII obtained by method A. The 
identity of these products was proved by 
melting and mixed melting point deter- 
minations. Finally, the amino acid hydro- 
chloride (XVI-HCl) was treated under 
Bucherer conditions. The expected prod- 
uct, 2-methoxy-5-hydroxy-l-naphthylacetic 
acid (II) was obtained in a 91% yield. 


A Note on the Infrared Spectra of 
1, 2, 5-Trisubstituted Naphthalenes 


In the course of the above work, infrared 
spectra of all the prepared 1,2,5-trisub- 
stituted naphthalenes have been measured. 
Data on absorption bands at 1650~1500 
cm~! (skeletal vibration) and at 900~700 
cm~'! (C-H out-of-plane vibration) are 
presented in Table I. 

It can be seen that all the 1,2,5-trisub- 
stituted naphthalenes so far examined 
show a fairly strong band within a narrow 
frequency range of 800+8cm~'. This band 
may be attributed to ihe presence of three 
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aromatic vicinal hydrogen atoms in these 
compounds. It is to be expected that these 
compounds exhibit also a band at 860~800 
cm~' (two vicinal hydrogen atoms), but 
this latter band is obscured owing to the 
complexity at this region. 

In the range of 1650~1500cm~' the 
naphthalene derivatives listed above show 
in common four bands. It has been 
stated'» that aromatic compounds, in 
general, exhibit three absorption bands in 
this range'”. The results given in Table 
I indicate that the examined naphthalene 
derivatives present two strong bands at 
ca. 1620 and ca. 1510cm~'! and two sub- 
sidary absorption bands between these 
wave numbers. Scope and limitation of 
this generalization are not yet clear. 
However, it may be mentioned at this 
point that a number of, of course if not 
all, naphthalene derivatives except these 
with electronegative nitro and halogen 
substituents, exhibit the characteristic 
four absorption bands between 1650~1500 
cm~'. Naphthalene itself'!”, 1-naphthol'”, 
2-naphthol'?, 1,6-dihydroxynaphtalene™, 
l-acetamido-6-hydroxynaphthalene'” and 
l-acetamido-6-allyloxy naphthalene!” pre- 
sent the above feature. The following 
naphthalenes, spectra of which appear in 
the API’ and DMS' cards, fall also in 
this category (kind and position of sub- 
stituents, and serial number'” are given): 

l-methyl (762), 2-methyl (763) (1530cm 
weak), l-ethyl (764), 2-ethyl*'® (765), 1,3- 
dimethyl* (767), 1,5-dimethyl* (769), 1,6- 
dimethyl* (770), 2,3-dimethyl* (773), 2,7- 
dimethyl* (775), 2-n-propyl* (777), 1-n- 
buthyl (778), 2-m-buthyl* (779), 1-n-amyl 
(780), 2-n-amyl* (781), 2-methoxy (1766), 


di-1l-naphthylmethane (2777), 1-cyano- 

ethyl-2-hydroxy (2640),  di-l-naphthyl- 

ketone (2527) (162l1cm™': sh), 1-benzyl 
ll) L. J. Bellamy, ** The Infrared Spectra of Complex 


Molecules", 


vit 
79 


Methuen & Co., Ltd., London (1958), p. 69 


12) Since the measurement presented in the table was 
taken by the nujol mull method, the fourth aromatic 


skeletal absorption at ca. 1450cm~! was not taken into 
account 

13) R. N. Jones and C. Sandorfy, ‘* Chemical! Applica 
tions of Spectroscopy", Interscience Publishers, Inc 
New York (1956), p. 401. 

14) See Table II 

15) American Petroleum Institute Research Project 44 


Infrared Spectral Data (1943—1958), Carnegie Institue of 
Technology, Pittsburgh 13, Pa., U. S. A 

16) Documentation of Molecular Spectroscopy, Butter 
worths Scientific Publications, London (1956—1958). 

17) Serial numbers of the DMS ecards are given in 
italics. 

18) In the compounds marked with an asterisk, absorp 
tion band at the highest frequency (ca. 1620cm~') splits 
into two bands of comparable intensity. It may be noted 
that most of these compounds possess a 2-alky! group 
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(2287) (an extra band at the 1500cm™' 
region; attributable to phenyl! vibration?), 
2-benzyl* (2288) (an extra band like 1- 
isomer), di-2-naphthylketone (2528) (1515 
cm~!: weak). 

In the following compounds the sub- 
sidary absorption band- or bands- are 
obscure : 

1,4-dimethyl (768), 1,7-dimethyl* (771), 
1,8-dimethyl (772), 2,6-dimethyl* (774), 1- 
n-propyl (776), 2,4-dimethyl* (1209). 


Experimental’ 


1-Piperidinomethyl-5-acetamido-2-naphthol (IVa). 

The procedure of Cornforth and Robinson®> 
was slightly modified as follows: Formaldehyde 
(16.5 ml., 37% solution) was added to a mixture 
of piperidine (22.5 ml.) 5-acetamido-2-naphthol 
(37.5g.) and ethanol (350 ml.). After being kept 
at room temperature for three days, the crude 
product, which separated, was collected, washed 
with a small amount of ethanol and dried. A 
vield of 88% (49 g.) of piperidino-base was obtained. 
Recrystallization from isoamyl alcohol gave 
colorless plates, m.p. 198~199°C. o-Methylation 
of the piperidino-base was attempted by the 
addition of ethereal solution of excess diazo- 
methane to the base dissolved in chloroform. No 
generation of nitrogen was observed. On removal 
of volatile substances after 24hr., the piperidino- 
base was recovered in an almost quantitative 
yield. 

1-Acetoxymethy|-2-acetoxy-5-acetamidonaphtha- 
lene (V).—A mixture of the piperidino-base (IVa) 
(20 g.) and acetic anhydride (160cc.) was heated 
on a steam bath for 3hr. After addition of water 
during warming until the solution became clear, 
the solution was extracted three times with 
chloroform. The extract was then washed suc- 
cessively with 5% sodium bicarbonate and water, 
dried and the chloroform removed. The residue 
was crystallized on being triturated with ether 
Recrystallization from ethanol-water gave color- 
less clustered prisms, m.p. 170~171°C (5.2g., 
24.6%). 

Hydrolysis of V.—A suspension of 2g. of V in 
20 ml. of 5% aqueous potassium hydroxide was 
heated at 100°C for several minutes, and then a 
homogeneous solution was obtained. The solution 
was then cooled to 0°C and acidified to pH 2 with 
6N hydrochloric acid; an amorphous solid (1.4 
g.), which separated, was collected. Methylation 
was effected as follows: A mixture of the above 
amorphous solid, sodium hydroxide (0.3g.) and 
water (4.2 ml.) was shaken with dimethyl sulfate 
(0.66cc.) for half an hour. Additional amount 
of sodium hydroxide and dimethyl sulfate was 
then added and shaking continued for a further 
half hour. The excess of dimethyl sulfate was 
19) All melting points are uncorrected infrared 
spectra were taken on a Koken model DS 301 infrared 
spectrophotometer. The authors wish to thank Mr. O 
Yonemitsu of the Pharmaceutical Institute of Hokkaido 
University for the spectral data and Miss N. Fujino for 
the microanalyses 
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destroyed by gentle heating on a steam bath. 
Crude methoxyl compound, which separated, 
amounted to 1.34g. The product was then dis- 
solved in tetrahydrofuran and chromatographed 
on alumina (ca. 30g.). A portion eluted with 
ethanol was crystallized. For analysis a sample 
was recrystallized from ethanol; m.p. 285°C 
(decomp.), colorless small needles. 

Anal. Found: C, 71.01; H, 6.33; OCH;, 19.07; 
mol. wt. (Rast), 443.5. Caled. for C2,H2,O2Ne 
(OCH3)3: C, 71.58; H, 6.22; OCHs, 19.13%; mol. 
wt., 486.6. 

5-Acetamido-2-naphthy! Allyl Ether XI. —5- 
Acetamido-2-naphthol was converted into allyl 
ether by heating a mixture of the material (20g.) 
with allyl bromide (14.4g.), finely powdered 
potassium carbonate (28g.) and purified acetone 
(600 ml.) for 12 hr. on a steam bath with mechani- 
cal stirring. After evaporation of the solvent, 
the residue was diluted with water and the pre- 
cipitated allyl ether (24 g., 100%) was collected; 
m. p. 130~132°C. A portion, recrystallized from 
aqueous ethanol, gave a pure specimen of XI as 
coloriess needles, m. p. 136°C. 

Anal. Found: C, 74.96; H, 6.31. 
C,;H;,O2N: C, 74.66; H, 6.27%. 

1-Allyl -5-acetamido -2- naphthol (XIla).—The 
crude ether (XI) (18g.) was heated in an atmos- 
phere of nitrogen for 1 hr. in an oil bath main- 
tained at 185~195°C. The reaction product was 
then completely dissolved in 10% sodium hydrox- 
ide (360 cc.), and the solution was acidified with 
6N hydrochioric acid, the product (17.5 g., 99.5%) 
being precipitated. Recrystallization from aqueous 
ethanol gave the naphthol (XIla) as coloriess 
needles, m. p. 176~177°C. 

Anal. Found: C, 74.53; H, 6.35. 
C,;H;;02N: C, 74.66; H, 6.27%. 

1-Allyl-2-methoxy-5-acetamidonaphthalene(XIIb). 

-A mixture of XIla (4.4g.), dimethyl sulfate 
(4g.) and aqueous 10% sodium hydroxide (14.5 
ml.) was shaken for 0.5 hr., and the precipitated 
product was filtered, washed with water and 
dried; yield, 3.8g. (81.7%). The crude methyl 
ether was recrystallized from aqueous ethanol 
as colorless needles, m. p. 147~147.5°C. 

Anal. Found: C, 75.09; H, 6.85. Calcd. for 
CieH:;O2N: C, 75.27; H, 6.71%. 

1-(2, 3-Dibromopropy]) -2- methoxy -5-acetamido- 
naphthalene.—To a solution of the methyl ether 
(XIIb) (0.5g) in 6ml. of chloroform, 0.31 g. of 
bromine dissolved in 4ml. of chloroform was 
added drop by drop with shaking. 
for 1 hr. at room temperature, the solvent was 
evaporated. The thick sirupy residue solidified 
upon scratching and was purified by recrystalli- 
zation from aqueous ethanol; colorless needles, 
m. p. 168.5~170°C. 

Anal. Found: C, 45.87; H, 4.41. 
CisH:7O2NBrz2: C, 46.29; H, 4.13%. 

Dihydro Derivative of XIIb.—Another portion 
of XIIb (0.8g.) in ethyl acetate (35ml.) was 
hydrogenated over 10% palladized charcoal (0.2 
g.). Uptake of hydrogen was completed after 
about 3hr. The solution was filtered from the 
catalyst which was washed with ethyl acetate. 


Caled. for 


Calcd. for 


After standing 


Calcd. for 
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The solvent was removed from the combined 
filtrate and washings under reduced pressure. 
1-Propyl -2- methoxy -5-acetamidonaphthalene was 
obtained from aqueous ethanol as_ colorless 
needles, m. p. 151.5~152.5°C. 

Anal. Found: C, 74.20; H, 7.71. 
CigH;gO2N: C, 74.68; H, 7.44%. 

Oxidation of XIIb with Potassium Permanga- 
nate.—The methyl ether (XIIb) (5g.) dissolved 
in 300 ml. of 95% ethanol and potassium carbonate 
(1.25 g.) in 12.5 ml. of water were placed in a 
flask surrounded with an ice-salt bath. A solution 
of potassium permanganate (10 g.) in 240ml. of 
water was then run into the flask at such a rate 
that the temperature did not rise above —10°C 
with constant stirring. After the completion of 
the oxidation, manganese dioxide was filtered off 
and washed with hot ethanol. The filtrate and 
washings are combined, the whole was _ con- 
centrated to about 130 ml., and the residue was 
extracted three times with chloroform. The 
combined chloroform extracts were then washed 
with water, dried and evaporated. A _ neutral 
product, 2-methoxy-5-acetamido-1-naphthaldehyde 
(XIV) was obtained; yield, 1g. (20%). A pure 
sample was obtained on recrystallization from 
ethanol as pale yellow needles and had an m. p. 


(N-H), 1668 (CHO) and 


Calcd. for 


232~233°C, vane’ 3265 
1655 cm~! (NHCO). 

Anal. Found: C, 
C,4Hi,O,N: C, 69.12; H, 5.39%. 

To the above aqueous alkaline’ solution, 
separated from the chloroform layer, concentrated 
hydrochleric acid was added in excess to pre- 
cipitate acidic products; the crude acid was 
collected (0.5¢g.). The filtrate was extracted 
three times with chloroform, the extracts were 
combined, dried and evaporated. An additional 
amount (0.2¢g.) of the above acid was obtained. 
Recrystallization from ethanol gave 2-methoxy-5 
acetamido-1-naphthylacetic acid (XIII) as colorless 
needles, m. p. 245°C. 

Anal. Found: C, 65.80; H, 5.84. 
C,;H;;0,N: C, 65.92; H, 5.53%. 

1-Hydroxymethy!-2-methoxy-5-acetamidonaphtha- 
lene (VIIIb).—The aldehyde (XIV) (190 mg.) was 
dissolved in 5ml. of methanol containing a small 
amount of sodium methoxide and the solution 
was cooled to produce a fine suspension. On 
addition of sodium borohydride, the aldehyde 
dissolved, crystallization of the reduction product 
began after several minutes, and was completed 
after 12 hr. The product was collected, washed 
with water and dried. Removal of the solvent 
from the filtrate gave further a small quantity 
of the hydroxymethyl compound. The product 
weighed 172mg. (94%) and was purified by 
recrystallization from ethanol, m. p. 214~215°C. 

Anal. Found: C, 68.41; H, 6.37. Calcd. for 
C,4H;;0,N: C, 68.55; H, 6.16%. 

1-CyanomethyI-5-acetamido-2-naphthol (XVa). 


69.18; H, 5.63. Caled. for 


Calcd. for 


A mixture of the piperidino-bass (IV) (9g.), 
sodium cyanide (15g.), ethanol (220ml.) and 
water (30ml.) was refluxed for 12 hr. Water 


was then added to the reaction mixture, and the 
solution was concentrated under reduced pressure 
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to expel ethanol, and acidified with concentrated 
hydrochloric acid. The solid (7.2g., 99.5%) 
which separated was filtered. For analysis a 


sample was recrystallized from ethanol; m. p. 
239°C (decomp.), v@"Je! 3350 (OH), 3210 (N—H), 


max 


2240 (C=N), and 1660cm~! (NHCO). 


Anal. Found: C, 69.54; H, 5.17; N, 11.57. 
Caled. for CH;20.N2: C, 69.95; H, 5.03; N, 
11.66%. 


1-Cyanomethy] -2- methoxy-5-acetamidonaphtha- 
lene (XVb).—The above naphthol (XVa) (6g.) in 
aqueous 10% sodium hydroxide (12.5ml.) was 
shaken with dimethyl sulfate (3ml.) for 1 hr., 
and the reaction mixture was allowed to stand 
overnight. The methyl ether, which separated, 
was collected; yield, 5.9g. (93%); m. p. 21l~ 
215°C. Upon recrystallization from ethanol, it 
formed colorless small needles, m. p. 226~227°C, 


yrujol 3270 (NH), 2240 (C=N), and 1660cm-! 
(NHCO). 
Anal. Found: C, 70.70; H, 5.73. Caled, for 


C,;H,,O2N2: C, 70.85; H, 5.55% 
When a large excess of dimethyl sulfate and 
of alkali was used, J1-cyanomethyl-2-methoxy-5- 


(N-methyl) -acetamidonaphthalene was _ obtained. 
Recrystallization from ethanol gave _ colorless 
prisms, m. p. 172~173.5°C, vate! 2240 (C=N) 


and 1660cm~! (NHCO); no appreciable band in 
the N-H stretching vibration region. 


Anal. Found: C, 71.58; H, 6.32; N, 10.32. 
Caled. for CyH;O2N2: C, 71.62; H, 6.01; N, 
10.44% 

Hydrolysis of XVb to 2-Methoxy-5-amino-1- 


naphthylacetic Acid (XVI).—A mixture consisting 
of XVb (1.5g.), ethanol (7.5ml.), water (5 ml.) 
and concentrated hydrochloric acid (20 ml.) was 
refluxed on a steam bath for 5 hr. and was then 
cooled well with ice. The precipitates were 
filtered and dried. A yield of 1.52 g. of the 
amino-acid (XVI)-HCl with m.p. 253°C 
(decomp.) was obtained. The acetate of com- 
pound XVI was prepared through the addition 
of 10%, sodium hydroxide solution and acetic 
anhydride to the aqueous solution of XVI- HCl. 
The pure sample of the acetate formed colorless 
needles, m. p. 245°C. No depression in the 
melting point was observed on admixture of 
XIII. 

2-Methoxy-5-hydroxy-l-naphthylacetic Acid (II). 

A mixture of the amino acid (XVI) hydro- 
chloride (1.5 g.) and 40% sodium bisulfite solution 
(85 ml.) in a three-necked flask provided with 
a reflux condenser and mechanical stirrer, was 
heated at 95~100°C for 20 hr. At the end of 
this time 60% aqueous sodium hydroxide (30ml.) 
was slowly added to the boiling solution with 
vigorous stirring and the mixture was heated 
under slightly reduced pressure until the evolu- 
tion of ammonia had ceased (ca. 3 hr.). After 
cooling, concentrated hydrochloric acid (85 ml.) 
was added drop by drop to expel sulfur dioxide 
and the mixture was heated on a steam bath for 
lhr. The solution was allowed to stand over- 
night. The crude naphthol (II) (1.23g., 91%), 
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which separated, was recrystallized from glacial 
acetic acid as small colorless prisms, m. p. 229~ 


230°C (decomp.), v22J°! 3200~3400 (OH), 1710 
(CO:H) and 1687 cm-! (CO2H)*”. 
Anal. Found: C, 67.04; H, 5.32. Calcd. for 


C33H120,: C, 67.23; H, 5.21%. 

The methyl ester (XVIII) was prepared as follows: 
Fifty milligrams of II was dissolved in 2.5 ml. 
of 5% methanolic hydrogen chloride. The solution 
was kept at room temperature. After 48 hr., 
water and ethyl acetate were added. The ethyl 
acetate layer was washed with sodium bicarbonate 
solution, dried and evaporated. The crystalline 
residue (50mg., 94.4%), m.p. 150~153°C, was 
recrystallized from benzene to give a pure 


sample, m. p. 155.5~156.5°C, ve"Jo! 3400 (OH) 
and 1720cm~! (ester). 

Anal. Found: C, 68.15; H, 5.95. 
CisH1404: C, 68.28; H, 5.73%. 

2-Methoxy -5-acetoxy-1-naphthylacetic Acid 
(XVII).—The above hydroxy acid (II) (920 mg.) 
was dissolved in a mixture of anhydrous pyridine 
(10 ml.) and acetic anhydride (4.5 ml.). After 
being kept at room temperature overnight, the 
reaction mixture was concentrated to dryness in 
vacuo, and the residue was washed with water 
and dried. Crude acetate (1.02g., 94%) with 
m. p. 180~183°C was obtained. The sample for 
analysis was prepared by recrysallization from 


Caled. for 


benzene; it had m.p. 185.5~186.5°C, vB¥sol 1755 
(phenolic acetate CO), 1200 (phenolic acetate), 
1716 (carboxyl group) and 1685cm~! (carboxyl 
group). 

Anal. Found: C, 65.31; H, 5.25. 


C,;H,,0;: C, 65.69; H, 5.15%. 


Caled. for 


Summary 


A synthesis of 2-methoxy-5-hydroxy-l- 
naphthylacetic acid has been described. 


The authors are indebted to Dr. Tozo 
Kubota, Director of the Dyestuffs Division 
of the Nippon Kayaku Chemicals Co., Ltd. 
for a generous supply of 1,6-Cleve’s acid, 
from which 2-hydroxy-5-acetamidonaphtha- 
lene was prepared. 


Department of Chemistry 
Faculty of Science 
Hokkaido University 

Sapporo 


20) It is interesting to note that both acids, II and 
XVII, exhibit in nujol two carbonyl bands of compa- 
rable strength. Two examples of the similar splitting of 
carboxyl carbonyl! band have been reported in the litera 
ture (M. St. C. Flett, J. Chem. Soc., 1951, 962). This 
abnormal absorption is probably due to the hydrogen 
bond of the carboxyl group in the solid state, since i) 
both the acids exhibit a single absorption in dioxane 
solution at 1715cm =! and ii) the abnormal absorption 
band disappears in the methyl ester (XVIII) of II. 
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Visible and Ultraviolet Absorption Spectra of 1,3,5-Trinitrobenzene 
in Water in the Presence of Sodium Hydroxide 


By Takehiro ABE 


(Received July 1, 1959) 


In the previous paper’, the author has 
reported an absorption spectrum of a red- 
colored solution produced by adding a few 
drops of sodium hydroxide solution into 
an aqueous solution of 1,3,5-trinitroben- 
zene. In the present paper, an attempt 
has been made to investigate the interac- 
tion of 1,3,5-trinitrobenzene with hydroxyl 
ion in detail by measuring the absorption 
spectra of the colored solution at various 
concentrations of sodium hydroxide, 
together with an effect of hydrochloric 
acid on the colored solution. 


Experimental 


pure 1,3,5-trinitrobenzene was 
purified by recrystallizing three times from 
methanol-water; m.p. 123.1°C. Each colored 
solution of trinitrobenzene and sodium hydrox- 
ide in water was freshly prepared by adding 
an aqueous solution of sodium hydroxide into an 
aqueous solution of trinitrobenzene before each 
measurement. The spectra of the solution were 
measured with a Hitachi Model EPU-2 spectro- 
photometer at 25°C or at room temperature. 
Path length of absorption cells was lcm. 


Commercial 


Results and Discussion 


Absorption Spectra of Trinitrobenzene_ in 
Water at Various Concentrations of Sodium 
Hydroxide (Fig. 1).—As Fig. 1 shows, the 
aqueous solutions of trinitrobenzene in 
the presence of sodium hydroxide show 
absorption bands at 260, 300 and 400~500 
my. The absorption curve of the colored 
solution with a sodium hydroxide concen- 
tration of 0.393N resembles that of the 
red complex between trinitrobenzene and 
ammonium hydroxide in water®. The 
visible absorption curves of the colored 
solutions of trinitrobenzene and sodium 
hydroxide in water are different from 
that of the solution in acetone, which 
shows absorption bands at two regions of 
1450 and 510~590 mv”. The visible absorp- 
tion curves appreciably resemble that 


T. Abe, This Bulletin, 31, 904 (1958) 
2) T. Abe, ibid., 32, 339 (1959). 
3) T. Abe, ibid., 32, 997 (1959). 
4) T. Abe, ibid., 32, 778 (1959) 


obtained by Caldin et al.**® for the colored 
solution of trinitrobenzene and ethoxide 
ion in ethanol, for which a different absorp- 
tion curve has been obtained by Foster”. 

The color produced by the reaction of 
trinitrobenzene with sodium hydroxide in 
water seems to be due to the following 
structure which is the same as that pre- 
sented by Meisenheimer*® for the red 
product of trinitrobenzene with sodium 
ethoxide, although the question pointed 
out in the previous paper” still remains. 


H OH 


NO2 NO2 


NO» 


The structures of Meisenheimer’s type 
have recently been supported for the 
colored products of many polynitro aromat- 
ic hydrocarbons with alkalies’ ‘679-13, 
The absorbances of the visible absorp- 
tion bands increase with the increasing 
concentration of sodium hydroxide below 
the sodium hydroxide concentration, about 
0.6n, but reversely decrease above the 
sodium hydroxide concentration. The 
color finally disappears at very high con- 
centration of sodium hydroxide. On the 
other hand, the bands at 260 and 300 mz, 
observed distinctly above the sodium 
hydroxide concentration, about 0.4N, be- 
come intense, as the sodium hydroxide 


5) E. F. Caldin and G. Long, Proc. Roy. Soc., A228, 


263 (1955) 


6) J. B. Ainscough and E. F. Caldin, J. Chem. Soc., 


1956, 2528 
7) R. Foster, Nature, 183, 1042 (1959). 
8) J. Meisenheimer, Ann., 323, 214, 241 (1902) 


9) D. L. Hamick and R. Foster, J. Chem. Soc., 1954, 
2153. 


10) R. Foster, Nature, 175, 746 (1955). 


11) S. Nagakura, S. Oosawa and H. Tsubomura, 
presented at the Symposium on Electron States of 
Molecules, Kyoto, October, 1958 


12) S. Nagakura and S. Oosawa, presented at the 12th 
Annual Meeting of the Chemical Society of Japan, 
Kyoto, April, 1959. 
13) J. F. Bunnett and J. J. Randall, J. Am 
Soc., 90, 6020 (1958). 
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Fig. 1. Absorption spectra of 1,3,5-trinitrobenzene (1.67 x 10~° mol.) in water containing 
various concentrations of sodium hydroxide at 25°C (path length of cells, 1 cm.). 
Concentrations of sodium hydroxide: 

i) @; 2) 5.89x10-?N; 3) 7.86x10-2N; 4) 1.1810-'N; 5) 1.97x10-'N; 
6) 3.93x10-'N; 7) 5.89x10-'N; 8) 9.60x10-'N; 9) 1.92 N. 


concentration increases. The 260 and 300 





m/t bands, as mentioned below, can not — 

be ascribed to a product produced by a NOz7 YT NOz 
further reaction of the colored species, faa + OH 
and disappear by addition of an acid. KR 

From the above results, the absorption » 

bands may be interpreted as follows. The NO, 

decrease in the absorbances of the visible Red 

absorption bands, considered to be due u GH 

to [Trinitrobenzene-OH]|~, seems to lead ae 

to the suggestion that interaction of — Tt ie 
|Trinitrobenzene-OH]~ with hydroxy] ion jo 

results in the formation of [Trinitroben- ? SA H ° 
zene-2OH]|*~- above the sodium hydroxide NO on 2) 


2 


concentration, about 0.4n. The increase 
in the absorbances of the 260 and 300 mr 
bands can be explained by attributing 
these bands to [|Trinitrobenzene-20OH] 
Accordingly, the following reactions may 
possibly be expected for the interaction 
of trinitrobenzene with sodium hydroxide 
in water. 


Colorless 


The pK values of 1,3,5-trinitrobenzene 
solution were determined by Schaal!” by 
ultraviolet absorption measurement in an 
ethylenediamine-water mixture of a known 


. ( 
0 HY )H o 
H OH +f 
. — 2 N N 
NO.-4 1 NO. NO -NO, 7 . 
= 0’ No 
t OH- a 1 H 
> OH 
NO NO, | 
NOg 


14) R. Schaal, Compt. rend., 239, 1036 (1954) 
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acidity function, with the result of pK; 
14.40 and pK,=18.00. The two pK values 
may support the formations of [Trinitro- 
benzene-OH] ~- and {[Trinitrobenzene- 
20H] * Schaal also supposed the forma- 
tion of the following complex for the pk». 

An Equilibrium Constant for the Colored 
Reaction of Trinitrobenzene with Hydroxyl 
Ion.—In the previous paper’ the author 
has found that the red-colored species of 
1,3,5-trinitrobenzene and 2,4,6-trinitro- 
toluene with sodium hydroxide in water 
are more stable than those of picryl 
chloride and 2,4,6-trinitrophenylmethy]l- 
nitramine (Tetryl). The colored solution 
of trinitrobenzene and ethoxide ion has 
been found by Caldin and Long” and by 
Foster” to obey Beer’s law. An attempt 
has, therefore, been made to obtain the 
equilibrium constant A for the colored 
reaction 1 of trinitrobenzene with sodium 
hydroxide in water from the result in 
Fig. 1. 

As [NaOH]> [Trinitrobenzene] in the 
present measurements, Benesi and Hilde- 
brand’s equation'» can be written as 


/|Trinitrobenzene] 1 ; 1 1 
d eK [NaOH] e¢é 
(3) 


Here / represents the path length of absorp- 
tion cells (1cm.) and d and « are respec- 
tively an absorbance and a molar extinc- 
tion coefficient for the colored species. 
Fig. 2 is obtained by plotting [Trinitro- 
benzene] d against 1/{|NaOH]. Although 
the colored species of trinitrobenzene 
and hydroxyl ion is comparatively stable, 
it slowly reacts with hydroxyl ion, as 
mentioned below. Moreover, the molar 
extinction coefficient of the colored species 
may be affected by the concentration of 
sodium hydroxide, since the absorption 
curves of the red complexes of trinitro- 
benzenes with ammonium hydroxide are 
apt to be greatly influenced with any 
solvent, as shown in the previous paper”. 


As Fig. 2 shows, [Trinitrobenzene] /d, 
however, is nearly proportional to 
1/{NaOH|] below the sodium hydroxide 


concentration, about 0.6n. The linearities 
of Benesi and Hildebrand’s plots indicate 
the formation of the 1:1 colored complex 
between trinitrobenzene and _ hydroxyl 
ion, because Benesi and Hildebrand’s 
Eq. 3 is derived for the 1:1 complex. 
Therefore, the visible absorption bands 
are undoubtedly owing to the formation 


15) H. A. Benesi and J. H. Hildebrand, J. Am. Chen 


Soc., 71, 2703 (1949) 


sodium hydroxide concentration, 
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30+ 
= 26+ 
S 
= 10 

7 
% 10 a (i 
1/{| NaOH] 
Fig. 2. Benesi and Hildebrand’s relation 


for the result in Fig. 1. 


of |Trinitrobenzene-OH] Deviations of 
the plots from the linearities above the 
about 
0.6 can be interpreted to be owing to the 
formation of  [Trinitrobenzene-2OH] 

according to reaction 2. By Eq. 3 the 
intercept at 1/[NaOH] —0 and the ratio of 
the intercept to slope give 1/e and 1/cK, 
respectively. From the best straight line 
for the 450myv absorption band, it is 
possible to find ¢450=3.5x10' and A=2.7 at 
25°C. The value of 3.5x10‘ is larger than 
the molar extinction coefficient of 9.410 
for the maximum absorption band (at 


480 my) of the red complex of trinitro- 
benzene with ammonium hydroxide in 
water”. The equilibrium constant of 2.7 


is very much smaller as compared with 
that (2.4x10°) obtained by Caldin and 
Long® for the color reaction of trinitro- 
benzene with ethoxide ion in ethanol at 
28°C. 

Time Dependence of Absorption Spectra of 
the Colored Solutions of Trinitrobenzene and 
Sodium Hydroxide in Water (Fig. 3). —- On 
standing the colored solutions of trinitro- 
benzene and sodium hydroxide in water, 
the absorbances of the visible absorption 
bands gradually decrease, while an increase 
in absorbance can be observed at about 
350 mv. The 350my band is probably due 
to a product in which [Trinitrobenzene- 
OH] ~ and [Trinitrobenzene-2OH]*~ result. 
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Fig. 3. Absorption spectra of the colored solutions of trinitrobenzene (1.67 x 10~-* mol.) 
and sodium hydroxide in water, stood for long hours (at room temperature). 
1) A solution with a sodium hydroxide concentration, 7.86*10--N; 
2) The same after two days; 
3) A solution with a sodium hydroxide concentration, 9.60 10-'N; 
1) The same after a day. 
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Fig. 4. An effect of hydrochloric acid on the spectrum of the colored solution of 
trinitrobenzene and sodium hydroxide in water (at room temperature). 
1) A solution obtained by adding 2cc. of water into 2cc. of an aqueous solution 
of trinitrobenzene (4.1810~-* mol.); 
2) A solution obtained by adding 2cc. of water into 2cc. of a colored solution of 
trinitrobenzene (4.18*10~-° mol.) and sodium hydroxide (2.88N); 
3) A solution obtained by adding 2cc. of a 1.77N aqueous solution of 
acid into 2cc. of the same colored solution as in 2); 


hydrochloric 


4) A solution obtained by adding 2cc. of a 3.55N aqueous solution of hydrochloric 
acid into 2cc. of the same colored solution as in 2). 
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The 260 and 300 my bands and the visible 
absorption bands may, therefore, be con- 
sidered to be due to intermediates, that 
is, [Trinitrobenzene-OH]~- and [Trinitro- 
benzene-2OH]?’~- in the reaction of trinitro- 
benzene with hydroxyl ion to the product 
giving the 350my band. The absorbances 
of the visible absorption bands decrease 
faster in the colored solution with a high 
sodium hydroxide concentration than in 
that with a low sodium hydroxide con- 
centration. This suggests that sodium 
hydroxide plays an important role for the 
further decoloration reaction of [Trinitro- 


benzene-OH]~-, as mentioned in the 
previous paper”. 
An Effect of Hydrochloric Acid on the 


Spectrum of the Colored Solution of Trinitro- 
benzene and Sodium Hydroxide (Fig. 4).—lIt 
has been reported by Caldin and Long”, by 
Nagakura and Oosawa’, and by the 
author” that the colored solutions formed 
on adding alkalies to solutions of aromatic 
polynitrocompounds are _ reversibly de- 
colorized by the addition of acids. As 
Fig. 4 shows, when 2cc. of 1.77N aqueous 
solution of hydrochloric acid is added to 
the colored solution with a sodium 
hydroxide concentration, 2.88Nn, in which 
reaction 2 is expected to occur according 
to the appearance of the distinct 260 my 
band, the absorbances of the visible 
absorption bands increase, while that 
of the 260my band slightly decreases. 
This seems to be due to a reverse reac- 
tion of [Trinitrobenzene-2OH]?~- to [Tri- 
nitrobenzene-OH]~- by addition of hydro- 
chloric acid. If a higher concentrated 
solution of hydrochloric acid is added to 
the colored solution, the visible absorption 
bands disappear and a weak absorption 
band can be observed 350 my. The 350 mys 
bands seems to be due to the final product 
of the reaction between trinitrobenzene 
and hydroxyl ion, as mentioned above. 
From the above results, [Trinitrobenzene- 
20OH]|*- may be considered to change into 
[Trinitrobenzene-OH]~ reversibly by the 
addition of an acid. 


Summary 


(1) Absorption spectra of the colored 
solutions of 1,3,5-trinitrobenzene and vari- 
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ous concentrations of sodium hydroxide 
in water have been measured at 25°C. The 
colored solution shows absorption bands at 
260, 300 and 440~500myv. The absorbances of 
the visible absorption bands increase below 
the sodium hydroxide concentration, 
about 0.6N, but decrease above the sodium 
hydroxide concentration, as the concen- 
tration of sodium hydroxide increases. On 
the other hand, the 260 and 300 my bands, 
observed above the sodium hydroxide con- 
centration, about 0.4N, increase their 
absorbances with an increase in concen- 
tration of sodium hydroxide. These lead 
to the suggestion that the visible absorp- 
tion bands are due to [Trinitrobenzene- 
OH]~ and the 260 and 300myr bands are 
due to [Trinitrobenzene-2OH]?-. 

(2) Below the sodium hydroxide con- 
centration, about 0.6n, Benesi and Hilde- 
brand’s equation holds for the colored 
solutions, giving an equilibrium constant 
of 2.7 for the reaction between trinitro- 
benzene and hydroxyl ion in water at 25°C. 

(3) On keeping the colored solution to 
stand for long hours, the 260 and 300 my 
bands and the visible absorption bands 
decrease their absorbances, while an 
absorption band appears at about 350 mp. 

(4) When an aqueous solution of 
hydrochloric acid is added into the colored 
solution with a high concentration of 
sodium hydroxide, the absorbances of 
the visible absorption bands_ increase. 
The 260 my band and the visible absorp- 
tion bands disappear by adding a solution 
of hydrochloric acid, enough to neutralize 
the sodium hydroxide contained in the 
solution. By the addition of acids, [Tri- 
nitrobenzene-OH]~- and [Trinitrobenzene- 
20H]°- seem to change into trinitrobenzene 
reversibly. 


The author is particularly indebted to 
Professor Y. Nomura for his suggestions 
and encouragement throughout this work. 


Department of Chemistry 
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Yokosuka 
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An Electron Diffraction Investigation on the Molecular 
Structure of Hydrazine 


By Yonezo Morino, Takao IljimA, and Yoshitada MurATA 


(Received July 1, 1959) 


The molecular structure of hydrazine 
was studied in 1943 by Giguére and 
Schomaker” with the visual method of 
electron diffraction and the N-N distance 
was found to be 1.47+0.02 A. Recently 
Yamaguchi et al.” in this Department 
studied the infrared vibration-rotation 
spectrum of the molecule and recognized 
a difficulty in interpreting the spectrum by 
the use of this distance. Strictly speaking, 
the moment of inertia can not be fixed 
uniquely by the vibration-rotation spec- 
trum alone, for there is a wide choice in 
selecting the / and K numbering without 
any other information. Thus, precise 
determination of the N-N distance was 
desirable for the proper assignment of the 
spectral lines. The principal object of the 
research is to determine the N-N distance 
as accurately as possible by the sector- 
microphotometer method, and, if possible, 
to measure the root mean square ampli- 
tudes of thermal vibration. 


Experimental 


The sample of hydrazine was kindly provided 
by Dr. Yamaguchi. The apparatus for electron 
diffraction was the same as that reported in the 
preceding paper*®. An r’-sector was used. The 
camera length was 11.82cm. and the accelerating 
voltage used was about 45kV. The nozzle was 
heated to about 60°C and the sample holder to 
about 30 C. The measured range was from 17 
to 100 in g-unit. The diffraction patterns were 
traced on a Rigaku-Denki MP-3 microphotometer. 
During the tracing the photographic plates were 
rotated rapidly about the center of the diffraction 
pattern. 


Structure Analysis 


Karle’s method” was applied to a pair 
of photographs of different exposure 
(1:1.5). The density-intensity calibration 


1) P. A. Giguére and V. Schomaker, J. Am. Chem. 
Soc., 65, 2025 (1943). 

2) A. Yamaguchi, I. Ichishima, T. Shimanouchi and 
S. Mizushima, J. Chem. Phys., 31, 843 (1959). 

3) Y. Morino and K. Kuchitsu, ibid., 28, 175 (1958). 

4) J. Karle and I. Karle, ibid., 27, 1052 (1949); 18, 957 
(1950). 


curve was found to be linear in the whole 
range of the measurement. The ratio of 
density between the two photographs was 
consistent with the ratio of the time of 
exposure. 

The molecular intensity curves, gM(q), 
were obtained by the procedure developed 
by Karle and Karle. The result is shown 
in Fig. 1. The radial distribution curve 
(Fig. 2) was calculated by the Fourier 
transformation of the observed molecular 


/ a ike naa ‘e 


Fig. 1. Observed and calculated molecular 
intensity curves, gM(q), of hydrazine. 


ie Y 


N—N 


Fig. 2. The modified radial distribution 
curve of hydrazine. 


intensity multiplied by an artificial factor 
exp(—bq’) with }b-—0.0002303, which was 
assumed so as to reduce the intensity to 
one tenth of the original at g=100. In 
order to diminish the effect of series 
termination, the observed intensity curve 
was spliced with a curve calculated for 
an assumed model, below 20 and from 90 


TABLE I. MOLECULAR PARAMETER OF THE 
MODEL ASSUMED FIRST FOR THE CALCULATION 
OF THE SUPPLEMENTARY PART OF THE 
RADIAL DISTRIBUTION CURVE 


Atomic Root mean square 
distance amplitude 
N-N 1.47A 0.052 A 
N-H 1.04A 0.074A 
N---H 2.05 A 0.100 A 
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to 120 in q-scale. The molecular para- 
meters of the starting model are given in 
Table I. The equilibrium distances were 
taken from the paper of Giguére and 
Schomaker. For the mean amplitude of 
N-N, that of C-O pair in methanol, 0.052 A, 
was adopted. The mean amplitude for 
the pair of N-H, 0.074A, was calculated 
with an N-H diatomic molcule having the 
frequency of the symmetric stretching 
vibration of NH;, 3337cm~-!. Finally, for 
the pair of non-bonded N---H the observed 
value of a C---H pair in n-butane, 0.100 A, 
was used. The model was refined by 
successive approximation. The calcula- 
tions of the molecular intensity curve and 
of the radial distribution curve were 
performed with the aid of a parametron 
computer PC-1. 

The index of resolution was found to 
be about 95%. Each peak of the radial 
distribution curve was fitted with a 
Gaussian in shape to obtain 7,,(/) from 
the position of the maximum of the 
Gaussian peak, and <Jr’>'/? from the 
width of the peak. The failure of Born 
approximation was corrected by Bartell- 
Brockway method». Using the values of 
rn(f), <dr’>'/*, and the index of resolu- 
tion, thus obtained, the theoretical inten- 
sity curve was computed. It is compared 
with the observed in Fig. 1. Agreement 
is very well up to90inq-scale. The final 
values of the molecular constants listed 
in Table II were established by taking 
average over the values obtained by four 
photographs. 


TABLE II. FINAL OBSERVED VALUES OF ATOMIC 
DISTANCES AND THEIR MEAN SQUARE AMPLITUDES 


" 2s1/2 <) : 

rm (Ff) adie (spectroscopic) *) 
N-N 1.449 0.051 1.453 

t+0.004 A t+0.005 A +0.005 A 
N-H 1.022 0.074 1.025 

+0.006 A +0.007 A t+1.020A 
N---H 2.063 0.103 

+0.015 A +0.015 A 
N-N-H 112.0 — 112 

+1.5 ~112.5 


Calculation of Mean Amplitudes 


As was shown by one of the present 
author”, the mean square amplitude of a 
distance between a pair of atoms is given 
by 


5) L. S. Bartell and L. O. Brockway, Nature, 171, 978 
(1953) 

6) Y. Morino, K. Kuchitsu and T. Shimanouchi, /. 
Chem. Phys., 20, 726 (1952); Y. Morino, K. Kuchitsu, A. 
Takahashi and K. Maeda, J. Chem. Phys., 21, 1927 (1953). 
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<JIR?> = & Li? <Q:’> 

: 
where <Q,’> is the mean spuare ampli- 
tude of the k-th normal vibration and is 
given by the normal frequency as follows: 


hy» 

82r-vE coth 2kT 
Liz is the element of the Z matrix which 
transforms the internal coordinates to the 
normal coordinates. Liz?<Q,;’> indicates 
the contribution of the &-th normal vibra- 
tion to the mean square amplitude of Rj. 
The LZ matrix elements of the hydrazine 
molecule were calculated by Yamaguchi 
by the use of the frequencies of the normal 
vibrations obtained by the Raman and 
infrared spectra. The temperature of the 
sample was estimated to be 333°K. The 
calculated values are shown in Table III, 
with a reference to the observed values. 


<Q;’> 


TABLE III. CALCULATED VALUES OF MEAN 
SQUARE AMPLITUDES IN THE UNIT OF 10-4 A° 


Frequency 


(em-*) Designation N-N N-H N:--H 
3280 N-Hsym.stretching 0.1 15.0 7.2 
3325 N-H antisym. 0.0 12.1 5.6 

stretching 

1587 bending 1.4 0.0 3.5 
4 1275  ~=itwisting 0.0 0.0 20.9 

1098 N-N stretching m7 6.1 12.7 

780 wagging 0.6 0.0 3.1 

377 ~—srtorsion 0.0 0.0 0.0 

3314. N-Hsym. stretching 10.5 7.3 

3350 N-H antisym. - 16.3 9.1 

stretching 
B 1628 bending 0.2 6.2 

1275 twisting 0.0 11.4 

966 : : , 

933 wagging 0.0 10.4 
Total 21.8 54.2 97.4 
Observed mean square 26 55 106 

amplitude 

Discussion 
The N-N bond distance was _ found 
to be 1.449+0.004A. It is apparently 
smaller than that by Giguére and 


Schomaker, 1.47 A, although the difference 
is of the same order of magnitude as the 
error of their value. The final assignment 
of the spectral lines of the infrared 
spectrum provided 1.453+0.005 A”, in good 
agreement with the value newly obtained. 
The N-H distance and the angle of N-N-H 
obtained by both methods are compared 
in Table II. For the infrared spectrum, 
it is the moment of inertia that gives the 
spacings of the spectral lines, and the 








48 Jiro KATO and Yoshi ARAI 


moment of inertia strongly depends upon 
the position of the hydrogen atoms which 
are located at both ends of the molecule. 
Hence the N-H distance and the N-N-H 
bond angle may be obtained more accu- 
rately by the infrared spectrum. It must 
be admitted that the non-bonded N-:--H 
distance might contain a fairly large error 
in the electron diffraction measurement, 
because the halos in the inner region (<17 
in qg-scale) have not been measured. In 
fact, the N---H peak in the radial distribu- 
tion curve was found to be appreciably 
deformed from the Gaussian. 

For the mean square amplitudes, the 
agreement between the observed and the 
calculated is quite satisfactory, as shown 
in Table III. Large systematic errors 
would be contained in the observed values, 
because the effects of non-nuclear scatter- 
ing and of finite sample size were not 
corrected for the observed values. It 
would be of interest to note that the con- 
tribution of the N-N stretching mode to 
the mean amplitude of N-N pair and that 
of the N-H stretching modes to the bonded 
N-H mean amplitude are the most pre- 
dominant, whereas for the non-bonded 
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N:--H pair many modes contribute in 
comparable order of magnitude. 


Summary 


By the sector-microphotometer method 
of electron diffraction the molecular 
structure of hydrazine was obtained as 
shown in Table II. The bond distances 
are in good agreement with the values 
obtained by the infrared vibration-rotation 
spectrum. The mean amplitudes agreed 
with the calculated values within the 
limits of errors. 


The authors wish to express their 
gratitude to Professor H. Takahashi and 
his coworkers, Department of Physics, the 
University of Tokyo, for the use of the 
PC-1 Computer, and to Dr. A. Yamaguchi 
for her kind offer of hydrazine sample 
and for many helpful discussions. They 
are also indebted to the Ministry of 
Education for the research grant. 
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Oxide Formation on Iron Surface Corroded in Non-Oxidizing Acids 


By Jiro KATO and Yoshi ARAI 


(Received August 5, 1959) 


On corroding an iron specimen in hydro- 
chloric acid solution with an inhibitor, 
such as propargyl alcohol, it is possible 
to observe the formation of ferrous oxide 
on its surface by means of electron 
diffraction with good reproducibility of 
results. The propargyl alcohol is known 
to be an efficient inhibitor for steel against 
hydrochloric acid solution’. Yamamoto” 
assumed that the propargyl! alcohol is able 
to inhibit the dissolution of iron, since it 
is adsorbed onto the iron surface with its 
triple bond. <A formation of complex 
compound, such as HC-CCH.-OH, was also 

Fe Fe 
suggested by Liithringhous and Goetz”. 
In their suggestion, they pointed out 

1) J. W. Reppe, ‘‘ Acetylene Chemistry” 


Meyer & Co., Inc., New York (1949), p. 96. 
2) K. Yamamoto, This Bulletin, 27, 379 (1954) 


, Charles A. 


the effect of hydrochloric acid from 
the stand point of the organic chemistry. 
It is of interest, therefore, to examine 
experimentally whether their assumptions 
are true or not. 

In this investigation the determination 
of the corrosion products was carried out 
by means of electron diffraction. The 
mechanically polished specimens (5x5 
mm.) were immersed in 2Nn HCl solution 
with or without propargyl alcohol about 
4 hr. at 70°C. The concentration of pro- 
pargyl alcohol added was about 10 mo. 
After the corrosion test, the specimens 
were washed with distilled water, ethanol 
and petroleum ether successively, and 
then immediately examined in an electron 


3) A. Luthringhous and H. Goetze, Angew. Chem., 64, 
661 (1952). 


were wT a 
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diffraction camera working with 50kV. 
electrons. The lattice parameters of the 
oxide film were determined in reference 
to those of gold foil. The reflection pattern 
obtained from the specimen corroded in 
2n HC! solution containing the propargyl 
alcohol is shown in Fig. 1. 





Fig. 1. Diffraction pattern from the iron 
specimen corroded in 2N HCI solution con- 
taining the propargy! alcohol. 
Temperature: 70°C, Immersion time: 4 hr. 





Fig. 2. Diffraction pattern from the iron 
specimen corroded in 2N HCl solution con- 
taining the propargyl! alcohol. 
Temperature: 70°C, Immersion time: 8 hr. 
at 70°C and thereafter 12 hr. at room tem- 
perature. 


When the specimen was corroded for 
longer time (about 8 hr.) followed by 
standing for 12 hr. at room temperature, 
its surface was coated by Fe;0, (or ;7- 
Fe.0;). (See Fig. 2.) 

Only the iron pattern was observed on 
the surface of the specimen exposed to 
2n HCl without the propargyl alcohol. 

The inhibition mechanism of propargyl 
alcohol may be explained by considering 
that oxide films formed on iron surface 
are protected by the adsorbed propargyl 
alcohol from a further attack of acid. The 
oxide films may be always created on the 
iron surface by dissolved oxygen or OH 
ions formed at the iron dissolution”. 

In the present investigation the oxide 
film formation is experimentally observed 
with the electron diffraction (reflection 
method). From these results, it is suggested 
that the oxidation of iron is carried out 
at the dissolution even in the non-oxidizing 
acid, such as hydrochloric acid. 


The authors wish to express their 
sincere thanks to Mr. T. Akiba and Dr. 
A. Nakatuchi for their kind permission to 
publish this work. 


The Nitto Institute of Chemical Research 
Kamikizaki, Urawa 


4) K.F. Bonhoefferand K.E. Heusler, Z. Elektrochem: 
61, 122 (1957) 
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Formation 


of N, N'-bis-3-Phenethyl Acet- and Benz-amidines and N, N'-Diphenyl 
Acet- and Benz-amidines 


By Ritsuro TapDA, Hisanori SAKURABA and Niichiro TOKURA 


(Received May 2, 


It has been shown in a_ previous 
paper” that dihydroisoquinoline and phe- 
nanthridine-derivatives may be produced 
from the corresponding ketone oximes by 
simultaneous Beckmann rearrangements 
and cyclodehydrations in liquid sulfur 
dioxide under appropriate conditions. As 
shown in Chart I, the syu- and anti- 
configurations of the starting materials 
should be taken into account in consider- 
ing the reaction process. 


Chart I 
CH CH CH. | 
CH , r CH, oH, 
CN NH N 
R OH CO 
HOR = 
I CH, 
CH, 
CH CH 7 c7N 
H, OH = CH R 
( N CO 
R NH Hl 
R 
In the above-mentioned simultaneous 


rearrangement and cyclodehydration, the 
total yield of the condensed ring com- 
pound was lower than forty-five per cent 
and this low yield was apparently due to 
the presence of a considerable amount of 
the Ia (syz) isomer. 

In order to clarify this point, the ex- 
pected intermediate from the anti oxime 


TABLE I. 


1959) 


(1), viz. the acid amide (II), was sub- 
jected to the Bischler-Napieralski reaction 
with phosphorus pentoxide in liquid 
sulfur dioxide by modifying Bradsher and 
Sinclair’s method of cyclodehydration”. 
In a preliminary examination, it was 
ascertained that 1-methyl-3, 4-dihydroiso- 
quinoline (R=CH;, III) was obtained from 
N-phenethyl acetamide (R=CH:, II) in a 
maximum yield of 24.5%, and that 10.7% 
of the acid amide (I) was recovered. 

In addition, it was found that the pro- 
cedure gave a basic substance besides 
usual Bischler-Napieralski reaction prod- 
uct III. 

This result aroused the authors’ interest 
in examining the general behavior of acid 
amides toward condensing reagents in 
siquid sulfur dioxide. 

Among various reagents examined, 
phosphorus oxychloride, polyphosphoric 
acid and thionyl chloride gave no reaction 
product and only phosphorus pentoxide 
was effective. The results are shown in 
Table I. 

As is shown in Table I, the relation 
between the dihydroisoquinoline and the 
basic substance produced at 20°C in liquid 
sulfur dioxide explains that the _ side 
reaction was induced in preference to the 


SYNTHESES OF 1-METHYL-3, 4-DIHYDROISOQUINOLINE FROM N-5-PHENETHYL 


ACETAMIDE IN LIQUID SO,*)) 


Molar ratio Reaction 
No. of rm to Temp. Time 
wii Cc hr. 
1 i: & 20 6 
2 1: § 70 6 
30) ee 210 0.5 


ne 1-Methyl- ‘ 
jane 3, 4-dihydro olan 
a on isoquinoline, ws a 
yield, % yield, % yield, % 
35.3 3.5 23.0 
10.7 24.5 33.8 
-- 83 0 


a) Reactions were carried out with 6.5 g. (0.04mol.) of amide in 100ml. of liq. SO2 


under shaking. 


b) POCl;, polyphosphoric acid, or SOCI, 


used as the reagent in liq. SO, (molar 


ratio of amide to reagent was 1:5) at 20°C for 6hr. or at 70°C for 6hr., caused 


no reaction. 


c) Reaction was carried out in tetralin™. 


1) R. Tada, H. Sakuraba and WN. Tokura, This 


Bulletin, 31, 1003 (1958). 


2) C. K. Bradsher and E. F. Sinclair, J. Org. Chem., 
22, 79 (1957). 
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Bischler-Napieralski reaction. 

This basic substance produced was 
assumed to be the hitherto unknown 
N, N'-bis-S-phenethyl acetamidine (IV). 


CH; 


C,,H;-CH2-CH,2-N=C-NH-CH),-CH:2-C,H; 
(IV) 


This amidine (IV), distilling at 205~ 
215°C (6~7mmHg) or 180~190°C (2~3 
mmHg) was obtained as a pale yellow oil 
(2); =1.5748) and yielded a picrate of m. p. 
118~119°C. The elementary analyses of 
both the base and the picrate satisfied 
formula IV. The ultraviolet spectrum of 
the base showed a maximum at {vou 
250 mf (emax = 3389), indicating the presence 
of a nonconjugated benzene ring. Its 
infrared spectrum showed absorption at 
ykSr —1635 ( >C-N-), 3440 (>NH), 1352 
(methyl), 2915 and 2860 (methylene), and 
745 and 695cm (benzene, mono-substi- 
tuted). The hydrolysis of this base with 
ten per cent aqueous sodium hydroxide 
solution, yielded N-3-phenethyl acetamide 
and N-§-phenethylamine. Thus’ the 
structure of the base was etablished as 
being IV. 

Similarly, it was also shown that a 
basic substance was afforded by the reac- 
tion of N-8-phenethyl benzamide (R=C;H:, 
II) with phosphorus pentoxide in liquid 
sulfur dioxide. This basic matter pro- 
duced was identified as the known WN, WN'’- 
bis-8-phenethyl benzamidine (V). 

Further, it was also found that another 
substance was present in the reaction 
mixture in the latter case. This substance 
was assumed to be the hitherto unreported 


N-benzoyl-N, N'-bis-8-phenethyl benzami- 
dine (VI). 
C.H; 
C,H;-CH2-CH2-N=C-NH-CH2-CH:-C,H; 
(V) 
C.H; 


C,,H;-CH2-CH;-N=C-N-CH2-CH:-C,H; 


COC;H; 
(VI) 


This amidine (VI), melting at 110~ 
110.5°C, was obtained as faintly orange 
crystals. The elementary analysis satisfied 
formula VI. The ultraviolet spectrum of 
' the amidine showed a maximum at {4°08 
241 m/t (Emax = 18547). Its infrared spectrum 
showed absorptions at v** — 1626 ( C-N-), 
1643 ( -N-CO-), 2935 and 2860 (methylene), 
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and 747 and 695cm~' (benzene, mono-sub- 
stituted). The hydrolysis of this neutral 
substance with 2n sulfuric acid gave 
benzoic acid, N-§-phenethyl benzamide 
and WN,WN’-bis-§-phenethyl benzamidine. 
Thus its structure may be represented by 
Vi. 

It was further examined in cases of the 
other acid amides whether such amidine 
formations might be encountered generally 
in liquid sulfur dioxide. When acetanilide 
(VII) was subjected to this reaction, 2 
similar basic substance was afforded and 
identified as the known WN, WN’-diphenyl 
acetamidine (VIII). Moreover, when 
benzanilide (X) was subjected to this 
reaction, similar substances were obtained 
and identified as the known N, N’-dipheny}! 
benzamidine (XI) and WN-benzoyl-N, N’- 
diphenyl benzamidine (XII), respectively. 
However, when benzyl acet- (XIIIa) and 
benz-amide (XIIIb) were’ used, the 
corresponding amidines were not produced, 
and viscous substances which were difficult 
to identify were afforded. The ring 


closure to IX or XIV was also difficult 
(Chart II). 
Chart II 
CHs NH. NH, 
ee : co 4 
C.H.-N=C-NH-CHH, - cu, CH 
. m1 
CH, 
C,H, -NHCOC.H, -—- me C,H C-NH-C,Hs 
X i (X1 
a 
CH. 
C,H, -N=C-N-CHs 
co 
XI) CH, 
CHa CH 
ie | 2 es TT OP 
aed “or 
R 
XIII) a R=CH;- (XIV) 


b R=C.H,-CH2- 


These results are listed in Table II. 

The reason why the formation of di- 
hydroisoquinolines is limited is thus well 
elucidated as the result of the com- 
petitive formation of N, N’-bis-§-phenethyl 
amidines. The present authors are not 
sure that the viscous substances produced 
from XIII (R=CH; or C;H;) might be the 
polymerization products of the isoindole 
derivatives which have been known to be 
very unstable. 








52 Ritsuro TADA, Hisanori SAKURABA and Niichiro TOKURA [Vol. 33, No. 1 
TABLE II. REACTION OF PHOSPHORUS PENTOXIDE ON ACID AMIDES IN LIQUID SO,” 
Reaction Amide, ae Other substance 
. ‘ Amidine, . 
Amide recovered, ae produced, 
Temp., “C Time, hr. yield, % . ee yield, % 
\- 5-Phenethyl 20 6 2.0 28.3);,, 3.5) a) 
acetamide 70 6 10.7 41.5f 24.5 
N-§-Phenethy]1 20 6 48.8 fala), 01, 14.6), 8.3) 
benzamide 70 6 0 9.2 12.7) 80.6f 8.3 
Acetanilide 20 6 57.4 19.0), 5.5). 
70 6 36.1 30.9) i.3) 
Benzanilide 20 6 41.7 1.8 16.6 trace 
70 6 5.0 46.2 28.6 16.6 
N-Benzyl acetmide 20 6 57.6), 8.4) «5 
70 6 83.0 10.8 
N-Benzyl benzamide 20 6 84.5), 3.5) n> 
70 6 85.7 SR 
a) Reaction was carried out with 0.04mol. of amide in 100ml. of lig. SO. under 
shaking. Molar ratio of amide to P,O;=1: 5. 
b) The amidine obtained was N, N'-bis-5-phenethyl acetamidine. 
c) The amidine obtained was N, N'-bis-S-phenethyl benzamidine. 
d) The amidine obtained was N-benzoyl-N, N'-bis-5-phenethyl benzamidine. 
e) The amidine obtained was N,N'-diphenyl acetamidine. 
f) The amidine obtained was N,N'-diphenyl benzamidine. 
g) The amidine obtained was N-benzoyl-N, N'-diphenyl benzamidine. 
h) 1-Methyl-3,4-dihydroisoquinoline. 
i) 1-Phenyl-3, 4-dihydroisoquinoline. 
j) Benzoic acid. 
k) Aniline. 
1) Viscous neutral substance from benzene extract in the acidic condition. 
m) Viscous basic substance from benzene extract in the basic condition. 
was added to the mixture of this amide and 
Experimental phosphorus pentoxide. Then the whole set was 


Reagents.—Amides were prepared by acetyla- 
tion or benzoylation of the corresponding amines 


according to methods indicated in references; 
the amides were N-5-phenethyl acetamide» (b. p. 
147~148°C/3~4mmHg), A-j-phenethyl benz- 
amide» (m.p. 114.5~115.5°C), N-benzyl acet- 


amide* (m. p. 61~63°C) and N-benzyl benzamide» 
(m.p. 104~105°C). Acetanilide (m.p. 113.5~ 
114.5°C) and benzanilide (m.p. 162.5~163°C) 
were commercial ones of extra pure grade. 

Liquid sulfur dioxide was used as a solvent. 
A commercial material was dried with sulfuric 
acid and distilled before use. 

The commercial phosphorus -pentoxide, -oxy- 
chloride and thionyl chloride of extra pure grade 
were used. Polyphosphoric acid prepared 
by the known method®. 

Apparatus and General Procedure.—Glass pres- 
sure vessels (300ml. capacity) equipped with 
metal joints and needle valves were used 
before». A liquid sulfur dioxide solution of an 
amide was added to mixture or a solution of 
the condensing reagent in liquid sulfur dioxide 


was 


as 


a 


with ice-cooling. Since benzanilide is sparingly 
soluble in liquid sulfur dioxide, sulfur dioxide 
3) A. Bischler and B. Napieralski, Ber., 26, 1903 (1893).. 
4) J. Strakosch, ibid., 5, 697 (1872). 
5) E. Beckmann, ibid., 23, 2334 (1890). 
6) R.C. Gilmore and W. J. Horton, J. Am. Chem. 
Soc., 73, 1412 (1951). 


thoroughly shaken and kept for a definite time 
at a definite temperature. 

When the reaction was over, the reaction 
mixture turned into a gelatinous mass. The 
excessive solvent (sulfur dioxide) was evaporated 
and the mixture was decomposed with chilled 
water. Then the products were treated for 
further examination. 

Reaction of N-§S-Phenethyl Acetamide (II) 
(R=CH;) in Liquid Sulfur Dioxide.—To 50 ml. of 
sulfur dioxide containing the condensing reagent 
(five times moles against that of the amide) as 
indicated in Table I was added a solution of 
6.5 g. (0.04 mol.) of N-5-phenethyl acetamide (II) 
(R=CH;) in 50ml. of sulfur dioxide. After the 
reaction under a definite condition with shaking, 
the solvent was evaporated and water was added 
to the solution with chilling. The acidic mixture 
was extracted with benzene. The benzene 
solution, after washing with sodium bicarbonate 
solution and drying with anhydrous sodium sul- 
fate, was condensed and the residue was distilled 


in vacuo. The acid amide (II) (R=CHs3) was 
recovered as a pale yellow oil boiling at 160~170°C 
(6~7 mmHg). Hydrolyzing this acid amide to 
f-phenethyl amine with hydrochloric acid, a 
picrate of the amine was prepared, m.p. 167~ 
168-C. Reported melting point is 171°C’ The 
mixed melting point with an authentic sample 


showed no depression. 


7) H. Decker and W. Kropp, Ber., 42, 2078 (1909). 
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The residual aqueous solution was made 
alkaline with caustic alkali and was extracted 
with benzene. The benzene solution, after 
washing with water and drying with anhydrous 
sodium sulfate, was evaporated and the residue 
was distilled in vacuo. A colorless oil boiling at 
100~105°C (7~8mmHg) was obtained. This was 
1-methyl1-3, 4-dihydroisoquinoline (III) (R=CHs). 
Picrate, yellow needles, m.p. 188~189°C. Re- 
ported melting point is 188~190°C*. No melting 
point depression was observed when the sample 
was mixed with an authentic sample. 

Anal. Base Found: N, 9.72. Caled. for C, oH,N: 
N, 9.65%. Picrate Found: N, 15.10. Calcd. for 
CisH1407N3: N, 14.97%. 

Moreover, following the above fraction, a pale 
yellow oil boiling at 205~215°C (6~7 mmHg) was 


obtained. This oil was assumed to be N, N’-bis- 
§-phenethyl acetamidine (IV), b.p. 180~190°C 
(2~3 mmHg), nf=1.5748, I.R. v¥8": 3440, 2915, 


2860, 1635, 1352, 745 and 695cm~!, U. V. 
250 mvt (Emax 385). Picrate, yellow needles (from 
95% ethanol) m.p. 118~119°C, mol. wt. (by the 
Counningham method): 464 (the molar ratio of 
Ppicric acid : base=1: 1, calcd. as CosH»;O;Ne, 495). 

Anal. Base Found: N, 10.99. Caled. for 
CisH22.No: N, 10.52%. Picrate Found: C, 57.92; 
H, 4.78; N, 14.29. Calcd. for C2sH2;O;N;: C, 
58.17; H, 5.09; N, 14.14%. 

No production of dihydroisoquinoline or 
amidine were observed with phosphorus oxy- 
chloride, polyphosphoric acid or thionyl chloride 
in liquid sulfur dioxide from II. Yields obtained 
with a variety of conditions are listed in Table I. 

Hydrolysis of I1V.—Two grams of this base was 
heated for 3.5hr. under refluxing with 20g. of 
10% sodium hydroxide solution, then the mixture 
was acidified with hydrochloric acid. The mixture 
was extracted with benzene. The benzene solu- 
tion, after washing with water and drying with 
anhydrous sodium sulfate, was concentrated and 
the residue was distilled in vacuo. A pale yellow 
oil (0.4g.), boiling at 154~155°C (4~5 mmHg), 
was obtained. This was N-3-phenethyl acetamide. 
Hydrolyzing this acid amide to 3-phenethyl amine 
with hydrochloric acid, a picrate of the amine 
was prepared. The melting point and the mixed 
melting point with an authentic sample were 
167~168°C”. The residual solution was made 
alkaline with caustic alkali again and the product 
was extracted with benzene. The benzene extract, 
after washing with water and drying with an- 
hydrous sodium sulfate, was concentrated and the 


»MeOH. 
amax * 


residue was fractionated in vacuo. Two oils, 
boiling at 110~115°C (50~51 mmHg) and 205~ 
215°C (6~7 mmHg) were obtained. The first 


colorless oil (0.4g.) was N-§-phenethyl amine. 
A picrate of the amine was prepared. The 
melting point and the mixed melting point with 
an authentic sample were 167~168°C. The 
second pale yellow oil (0.2g.) obtained was the 
recovered N,N'-bis-S-phenethyl acetamidine. A 

8) E,. Spath, F. Berger and W. Kuntara, ibid., 63, 134 
(1930). 

9) K. G. Cunningham, W. 
J. Chem. Soc., 1951, 2305. 


Dawson and F. S. Spring, 


4.4 ¢g. 
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picrate of the amidine was prepared. The melt- 
ing point and the mixed melting point with the 
picrate of the amidine (reaction product in liquid 
sulfur dioxide) were 118~119°C. 

Preparation of IV from II with Hydrogen 
Chloride.—N- 5-Phenethyl acetamide was subjected 
to a reaction with hydrogen chloride stream at 
150°C for two hours according to the preparation 
method of Wallach™. A basic pale yellow oil 
(n§}=1.5718) boiling at 175~185°C (1~2 mmHg) 
was obtained and yielded a picrate of m. p. 118~ 
119°C. This melting point was not depressed on 
mixture with the picrate of the basic substance 
(b. p. 180~190°C/2~3 mmHg) obtained from N-§- 
phenethyl acetamide in liquid sulfur dioxide and 
assumed to be N, N'-bis-§-phenethyl acetamidine 
(IV). 

Reaction of N-§-Phenethyl Benzamide (II) 
(R=C,H;) in Liquid Sulfur Dioxide.—A_ solution 
of 9g. (0.04 mol.) of N-8-phenethyl benzamide in 
50 ml. of sulfur dioxide was added to 50 ml. of 
sulfur dioxide containing the reagent (molar 
ratio of amide to P.O; was 1:5). After the 
reaction for six hours and at 20°C with shaking, 
the solvent was allowed to evaporate and water 
was added with chilling. The acid mixture was 
extracted with benzene. The benzene solution, 
after washing with ammonia water and then 
with water, was dried with anhydrous sodium 
sulfate and was evaporated. The residue gave 
crystals melting at about 115°C. The crystals 
(48.8%) were recrystallized from ethanol 
as colorless leaflets, melting at 116~116.5°C and 
were identified as the recovered N-f-phenethyl 
benzamide. When the reaction was carried out 
at 70°C, the benzene extract gave crystals of m. p. 
110~110.5°C, faintly orange prisms (from ethanol). 
The crystals (1.1g., 12.7%) were assumed to be 
N-benzoyl-N, N'-bis-38-phenethyl benzamidine (VI). 
I.R. vkBr: 2935, 2860, 1643, 1626, 745 and 695 
em-!, U. V. 2MeO#: 241 myt(emax 18647), mol. wt. 
{Rast’s method 
C39H2sONe2, 432. 

Anal. Found: C, 83.08; H, 6.05; N, 6.41. 
Calcd. for Cy)H2,ON2: C, 83.30; H, 6.53; N, 6.41%. 

The residual acid aqueous solution after ben- 
zene extraction was made alkaline with ammonia 
water and was again extracted with benzene. The 
benzene solution was dried and concentrated. 
When 2N sulfuric acid was added to the residue, 
an oil was precipitated. The supernatant solution 
was decanted and ammonia water was added 
to the oil. The oil changed into crystals. The 
crystal (0.8 g., 12.3%, reaction at 20°C and 0.6¢., 
9.2%, reaction at 70°C) obtained by filtration was 
recrystallized from ligroin (b.p. 100~120°C) as 
colorless needles, melting at 79.5~80°C (picrate, 
yellow plate, m. p. 170~170.5°C) and was identified 
as WN,N'-bis-3-phenethyl benzamidine’? (V) 
(m.p. and mixed m.p. 79.5~80°C) (picrate'), 
m.p. and mixed m. p. 170~170.5°C). 


(camphor)]: 423, calcd. as 


10) G. L. Webster and J. S. Rodia, J. Am. Chem. Soc., 
75, 1762 (1953). 
1 


( 
1) C. 1. Brodrick and W.F. Short, J. Chem. Soc., 1951, 
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The supernatant solution decanted was made 
alkaline with ammonia water and was again 
extracted with benzene. The benzene solution, 
after washing with water and drying with 
anhydrous sodium sulfate, was concentrated and 
the residue was distilled in vacuo. A pale yellow 
oil (2p = 1.6293) boiling at 150~160°C (2~3 mmHg) 
was obtained. This base (1.2g., 14.6%, reaction 
at 20°C and 6.6g., 80.4%, reaction at 70°C) was 
1-phenyl-3, 4-dihydroisoquinoline (III) (R=C,H;). 
Picrate, yellow needle, m.p. 173.5~174°C. Re- 
ported melting points 173~174°C'™. No melting 
point depression was observed when mixed with 
an authentic sample. 

Anal. Base Found: N, 6.31. Calcd. for C,;;H;.N: 
N, 6.76%.. Picrate Found: N, 12.82. Calcd. for 
C.,H;,O;N,y: N, 12.84%. 

The results and the 
were shown in Table II. 

The residual ammoniacal solution after extrac- 
tion was acidified with sulfuric acid and was 
extracted again with benzene. The benzene 
solution, after washing with water and drying 
with anhydrous sodium sulfate, yielded a crystal 
after evaporation. This crystal (0.2g., 8.3%, 
reaction at 20°C and 0.2g., 8.3%, reaction at 
70°C) was recrystallized from 50%, ethanol to an 
m.p. of 121~121.5°C and was identified as benzoic 
acid by a mixed melting point determination. 

Hydrolysis of VI.-Six tenths gram of VI was 
heated for two hours on a boiling water bath 
with 2N sulfuric acid, then the mixture was 
made alkaline with ammonia water and was 
extracted with benzene. The benzene solution, 
with water and drying with 
anhydrous sodium sulfate, was concentrated and 
was triturated with ether. The ether-insoluble 
residue (0.3g.) melted at 114~115°-C. This was 
N-3-phenethyl benzamide. From the ether 
solution, a viscous liquid (0.lg.) was obtained 
and changed to a crystal melting at 69~70°C 
(recrystallization from ligroin, b. p. 100~120 C). 
A picrate of this basic matter was prepared. The 
melting point and the mixed melting point with 
the picrate'» of the N,N'-bis-5-phenethyl benz 
amidine (V) were 170~170.5°C. The residual 
aqueous solution after extraction was acidified 
with sulfuric acid and was extracted with benzene. 
The benzene solution gave a crystal (0.1g.) 
melting at 121~121.5°C. This was identified as 
benzoic acid by a mixed melting point procedure. 

Preparation of VI.—N, N'-bis-3-phenethyl benz- 
amidine! was subjected to a reaction for four 
hours with benzoy! chloride in boiling benzene 
according to the method'® of Oxley and Short. 
A neutral faintly orange prism melting at 110~ 
110.5°C was obtained. This melting point was not 
depressed on mixture with the neutral substance 
(m. p. 110~110.5°C) obtained from N-§-phenethy] 
benzamide in liquid sulfur dioxide, thus establish- 
ing the structure of the latter to be N-benzoyl-N, 
N'-bis-5-phenethyl benzamidine (VI). 

Reaction of Acetanilide (VII) in Liquid Sulfur 


related tacts observed 


after washing 


12) C. I. Brodrick and W. F. Short, ibid., 1951, 1345 
13) P. Oxley and W. F. Short, J. Chem. Soc., 1948, 1524 
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Dioxide (Table II).— A solution of 5.4g. (0.04 
mol.) of acetanilide in 50ml. of sulfur dioxide 
was added to a mixture of reagent (molar ratio 
of amide to P.O; was 1:5) in 50ml. of sulfur 
dioxide. When the reaction at 20°C for six hours 
with shaking was over, the reaction mixture was 
treated as in the previous case. From the 
benzene extract of the reaction mixture (acidic 
condition) there was recovered 3.1 g. (57.4%) of 
acetanilide, m.p. 113.5~114°C (recrystallization 
from benzene). No melting point depression was 
observed when mixed with an authentic sample. 
The residual solution was made alkaline by 
sodium hydroxide solution. From the benzene 
extract of the solution, there was separated an 
oil, which changes to a crystalline matter. The 
crystal (0.8g., 19.0%) was recrystallized from 
50% ethanol as a colorless needle, melting at 
131.5~1325C and was identified as N, N'-diphenyl 
acetamidine’™ (VII) (m.p. and mixed m.p. 
131.5~132°C). I. R. v8": 3220, 1637, 1380, 757 and 
Vv; 2; 18827), mol. 
wt. [Rast’s method (camphor)]: 208, calcd. as 
CisHiyNe, 210. Picrate, yellow needle (from 95% 
ethanol): m.p. 168.5~169°C', mol. wt. (by the 
Cunningham method)”: 475, calcd. as C.)H,;O;N, 
(the molar ratio, picric acid: base=1:1), 439. 


690cm~!, U. 265 my (<, 


Anal. Base Found: C, 79.76; H, 6.53; N, 
13.55. Calcd. for Cy,H\,Neo: C, 79.96; H, 6.71; N, 
13.32%. Picrate Found: C, 54.86; H, 4.12; N, 
15.76. Calcd. for C2 9H:;O;N;: C, 54.67; H, 3.90; 


N, 15.94%. 

From the filtrate, 0.3g. (5.5%) of an oil was 
obtained by distillation in vacuo. Colorless oil, 
b. p. 96~102°C (49~50 mmHg) was identified as 
aniline by its benzoylation'», m.p. and mixed 
m. p. 160-C. 

When the reaction was conducted at 70°C for 
six hours, 1.9g. (35.1%) of the acid amide was 
recovered and 1.3g. (30.9%) of the amidine and 
0.6g. (11.1%) of aniline were obtained. 

Reaction of Benzanilide (X) in Liquid Sulfur 
Dioxide (Table Il).—-To a mixture of benzanilide 
7.9g. (0.04 mol.) and the reagent (molar ratio of 
amide to P.O; was 1:5), was added 100 mi. of 
sulfur dioxide. When the reaction at 20°C for 
six hours with shaking was over, the solvent 
was allowed to evaporate and water was added 
with chilling. The acid mixture was filtered. 
The filtrate was extracted with benzene. From 
the benzene solution, after washing with water 
and drying with anhydrous sodium sulfate, a 
trace of crystal was obtained. The crystal was 
recrystallized from 50% ethanol as a colorless 
needle, melting at 121~121.5°C and was identified 
as benzoic acid by a mixed melting point. The 
residue, after filtration, was washed with water 
and dried. Fractional crystallization of the 
residue from ethanol gave two kinds of crystals 
melting at about 160 and about 170°C, respectively. 
The first crystal 3.3g. (41.7%) was recrystallized 
from ethanol as a colorless leaflet, melting at 


i4) O. Wallach, Ber., 15, 298 (1882 
15) P. Oxley and W. F. Short, J. Chem. Soc., 1947, 384 
16) L. Claisen, Ber., 27, 3182 (1894) 
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162.5~163°C and was identified as the recovered 
benzanilide. 

The second crystal was recrystallized from 
benzene-ethanol as a faintly yellow prism, melt- 
ing at 172~172.5°C. This crystal (3.5g., 46.6%) 
was identified as N-benzoyl-N, N'-diphenyl benz- 


amidine!» (XII) (m.p. and mixed m.p. 172~ 
172.5°C). I. R. vX®": 1650, 1626, 763 and 690cm~', 


U.V. 2MeOH: 255 mye (emax 20890), mol. wt. [Rast’s 


method (camphor) ]: 366, calcd. as CogH2,ON2, 376. 

Anal. Found: C, 83.31; H, 5.25; N, 7.21. 
Calcd. for CogH2ONe2: C, 82.95; H, 5.36; N, 7.44%. 

The residual acid aqueous solution was made 
alkaline with ammonia water and was extracted 
again with benzene. The benzene solution, after 
washing with water and drying with anhydrous 
sodium sulfate, was evaporated and the residue 
was given asacrystal. The crystal (0.1 g., 1.8%) 
was recrystallized from benzene as a colorless 
needle. melting at 146~146.5-C (picrate, yellow 
plate, m. p. 216.5~217°C with decomp.) and was 
identified as N,N'-diphenyl benzamidine!” (XI) 
(m.p. and mixed m.p. 146~146.5°C, picrate'», 
m. p. and mixed m. p. 216.5~217-C with decomp.). 

When the reaction was conducted at 70°C for 
six hours, 0.4g. (5.0%) of the acid amide was 
recovered and 0.4g. (16.6%) of benzoic acid, 1.4 g. 
(18.62,) of N-benzoyl-N, N'-diphenyl benzamidine 
and 2.5¢. (46.2%) of N,N'-diphenyl benzamidine 
were obtained. 

Reaction of N-Benzyl Acetamide (XIII) (R 
CH:;) in Liquid Sulfur Dioxide.—-To a mixture of 
the reagents (P20;, 29g., molar ratio of amide 
to P.O, was 1:5) in 50ml. of liquid sulfur 
dioxide was added a solution of 5.9g. (0.04 mol.) 
of N-benzyl acetamide in 50 ml. of liquid sulfur 
dioxide. The reaction mixture was treated as 
described above after shaking for six hours at 
70°C. A small amount of basic substance and a 
viscous residue were obtained in the reaction 
mixture (Table II). 

Reaction of N-Benzy! Benzamide (XIII) (R 
C,;H;) in Liquid Sulfur Dioxide.— A solution of 
8.4g. (0.04 mol.) of the N-benzyl benzamide in 
50 ml. of liquid sulfur dioxide was added to 50 ml. 
of sulfur dioxide containing the reagent (P:O 


17) A. C. Hontz and E. C. Wagner, ‘* Organic 
Syntheses”’, Vol. 31, John Wiley & Sons, Inc., New 
York (1951), p. 48 

18) F. C. Cooper, M. W. Partridge and W. F. Short, / 
Chem. Soc., 1951, 401 
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five times moles against that of the amide). The 
reaction mixture was treated as in the previous 
case after shaking for six hours at 20 or 70°C 
A small amount of resinous basic substance and 
a large amount of viscous acidic or neutral 
substance were separated from the _ viscous 
reaction mixture. But they were not further 
examined. 


Summary 


The Bischler-Napieralski reaction of N-§- 
phenethyl acetamide in liquid sulfur 
dioxide resulted in the formation of N, N’- 
bis-8-phenethyl acetamidine in addition 
to the expected 1-methyl]-3, 4-dihydroiso- 
quinoline. And the reaction product from 
N-8-phenethyl benzamide were N, N’-bis- 
8-phenethyl benzamidine and N-benzoyl- 
N, N'-bis-8-phenethyl benzamidine in addi- 
tion to the expected 1-pheny1-3,4-dihydroiso- 
quinoline. In the case of acetanilide, 
N, N'-diphenyl acetamidine was produced. 
Benzanilide afforded N, N'-diphenyl benz- 
amidine and WN-benzoyl-WN, N’- diphenyl 
benzamidine under a similar condition. 
The similar reaction of benzyl acylamides 
in liquid sulfur dioxide failed to yield such 
amidines. 
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was granted by the Ministry of Education. 
Liquid sulfur dioxide was donated by the 
Befu Chemical Industries Co., Ltd. Ultra- 
violet absorption spectra were measured 
by Professor T. Nozoe and his associates 
of the Department of Chemistry. Infrared 
absorption spectra were measured by 
Professor S. Kinumaki and his associates 
of this Institute. The elementary analyses 
were performed by Mr. Shinichi Oyama 
and Miss Yoko Endo. The authors wish 
to express their thanks to these helps and 
donations. 
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Some Reaction of 2-Mercapto-1, 3-diazaazulene 


By Ichiro MURATA 


(Received May 20, 1959) 


Nozoe, Mukai and Murata” reported 
that the reaction of tropolone methyl 
ether and thiourea in ethanol, in the pres- 
ence of sodium alcoxide, resulted in the 
condensation to form 2-mercapto-l, 3-diaza- 
azulene (I). Later, the same condensation 
reaction was carried out on tropolones with 
methyl”, isopropyl, phenyl” and styryl”, 
and oxidative desulfurization reaction on 2- 
mercapto-1,3-diazaazulene thereby formed. 
No studies, however, have been made on 
the nature of the mercapto group in 2- 
position of these compounds and it seemed 
of interest to examine reactivity of a 
mercapto group in this kind of new, nitrog- 
enous heterocyclic compound. Therefore, 
examinations were made with I which has 
no carbon-containing side chain. 

Oxidation of I with nitric acid or 10% 


hydrogen peroxide with heating affords 
1,3-diazaazulene (II)” in over 80% yield. 
Application of 10% hydrogen peroxide at 
room temperature or of sodium nitrite in 
acetic acid affords only the 2-disulfide 
(III)” in almost quantitative yield. Ap- 
plication of hydrogen peroxide to III with 
heating produces II, but the possible inter- 
mediate in this reaction, the sulfonic acid 
or sulfinic acid”, was not isolated. III is 
easily reduced to I by aqueous solution of 
sodium sulfide. 

The sodium salt of I undergoes facile 
reaction in ethanol with various alkyl 
iodides, polynitrochlorobenzenes, benzyl 
chloride, chloroacetone, phenacy] chloride, 
chloroacetic acid, and 2-chloro-1,3-diaza- 
azulene” to form the corresponding thio- 
ethers (Table I). 


TABLE I. 2-SR-1,3-DIAZAAZULENE 


Compd. R Cryst. 


Recrystn. 


Analysis 


No. form* ™:P» °C soivent** Calcd. Found 
C H N C H N 
lV CH; wy. FP. 101~102 +B 61.36 4.58 15.90 61.01 4.82 16.67 
F C,H, py. P. 95~ 96 +B 63.15 5.30 14.73 63.32 5.01 14.38 
VI n-C,H; py. N. 98~ 99 +B 64.69 5.92 13.72 64.61 5.46 13.65 
Vil n-CyHo py. N. 66~ 67 66.03 6.47 12.84 65.95 6.11 12.18 
Vill CH:-CH=CH2 - y. P. 72~ 74 P+B 65.33 4.98 13.86 64.84 4.94 13.82 
IX CH.C;H; ¥. Ki. 94~ 95 B+C 71.41 4.80 11.11 71.25 4.84 11.09 
xX CeyH3(NOz)2 y. N. 224(d.) D+A 51.22 2.46 17.07 51.29 2.30 17.63 
XI CeH2(NOz)3 y. N. 194 D+A 45.05 1.89 18.77 44.86 2.07 15.35 
XII CH,COC,H; y. N. 164 A 68.56 4.32 10.00 68.50 4.47 9.70 
XIII CH:COCH; py. S. 68~ 69 Cc 60.54 4.62 12.84 60.80 4.43 13.31 
XIV CH:COOH py. 300 54.55 3.66 54.62 3.63 
XV C;H;N2 y. ?. 254 (d.) A 19.30 19.12 
« 


y, yellow; py, pale yellow; N, needles; P, prisms; S, scales. 
A, ethanol; B, benzene; C, cyclohexane; D, dioxane; P, petroleum ether. 


a 
< PSR 


(IV)— (XV) 


OK 


1) T. Nozoe, T. Mukai and I. Murata, J. Am. Chem. 5) H. Matsumura, ibid., 78, 669 (1957). 
Soc., 76, 3352 (1954). 


6) The intermediate formed by oxidative desulfuriza- 
2) H. Akino, K. Sato and Y. Suzuki, Science Repts. 


tion of 2-mercaptoimidazole is said to be a sulfinic acid. 


Tohoku Univ., I, 40, 92 (1956) Cf. I. E. Balaban and H. King, J. Chem. Soc., 1927, 1858: 
3) T. Nozoe and T. Sato, unpublished data I. D. Lamb and F. L. Pyman, ibid., 125, 706 (1924). 
4) K. Kikuchi and T. Muroi, J. Chem. Soc. Japan, 7) T. Nozoe, T. Mukai and I. Murata, Proc. Japan 


Pure Chem. Sec. (Nippon Kagaku Zasshi), T7, 1081 
(1956). 


Acad., 3, 482 (1954) 
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TABLE II. U.V. ABSORPTION MAXIMA OF 
2-SR-1, 3-DIAZAAZULENES 
Compd. >MeOH 
No. Amax » 
IV 239(4.47), 270(4.29), 362(4.26) 
V 239(4.48), 270(4.30), 362(4.27) 
VI 239(4.50), 271(4.32), 362(4.30) 
VII 239(4.51), 271(4.32), 364(4.31) 
VIII 240(4.41), 268(4.27), 362(4.17), 435(3.74) 
IX 240(4.47), 270(4.29), 360(4.28) 
X 242(4.59), 270(4.36), 370(4.29) 
XI 238(4.58), 270(4.45), 340(4.17), 380(sh.) 
XII 241(4.55), 270(4.35), 358(4.26) 
XIII 238(4.45), 270(4.35), 358(4.26) 
XIV 240(4.40), 270(4.19), 365(4.18) 
XV 248(4.72), 275(sh.), 368(4.41) 


my: (log ¢) 


The ultraviolet absorption maxima of 
these thioethers are presented in Table II. 

The nucleophilic substitution reaction of 
I was then examined. Examples of nucleo- 
philic substitution of a mercapto group 
are extremely rare and only the reaction 
with ammonia or amine” is known. Heat- 
ing of I with 40% aqueous ammonia or 
methylamine in a sealed tube for a few 
hours at 170~180°C only results in quanti- 
tative recuvery of I. Heating of I with 
concentrated hydrochloric acid in a sealed 
tube for 6hr. at 160°C results in its 
hydrolysis and 2-hydroxy-1, 3-diazaazulene 
(XVI)':? is obtained in a good yield. 

The methylthio group may be considered 
to undergo more facile nucleophilic sub- 
stitution than the mercapto group and 
there is a comparatively large number of 
examples”. Actually, IV reacts with a 
number of nucleophilic reagents to form 
the corresponding 2-substituted derivatives 
(Table III). 


TABLE III. NUCLEOPHILIC SUBSTITUT 


Compd. No. Reagent Yield, 
XVI Concd. HCl 72 
XVII 40% aq. NH; 36 

XVIII 40% aq. NH2CH3 55 
XIX 40% aq. NH(CHs)2 74 
XX 80% aq. NH.NH2 71 
XXI C;H;N H2 56 

XXII C;H;CH2N H2 74 

XXIII NaOCH, 27 


8) G.H. Hitchings and P. B. Russell, J. Chem. Soc., 
1949, 2454: E. C. Taylor, J. A. Carbon and D. R. Hoff, J. 
Am. Chem. Soc., 75, 1904 (1953). 

)) J. F. Bunnett and R. E. Zahler, Chem. Revs., 49, 
273 (1951) 


10) All melting points are uncorrected. Ultraviolet 
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ul 
a | 


Experimental’ 


2-Mercapto-l, 3-diazaazulene (1).— Synthesized 
from tropolone methyl! ether and thiourea accord- 
ing to the method described earlier. Reddish 
orange microneedles, m. p. >300°C. 

Oxidation of I.—a) Toa suspension of lg. of 
I in 10cc. of water, 5cc. of 30% hydrogen 
peroxide was added and the mixture was warmed 
on a water bath, by which the reaction proceeded 
immediately with effervescence to form a clear, 
orange solution. After cooling, the mixture was 
rendered weakly alkaline with sodium hydrogen 
carbonate and extracted with chloroform. The 
extract was washed with water, dried, and 
chloroform was evaporated. The residue was 
dissolved in benzene and passed through a short 
column of alumina from which 620 mg. of yellow 
needles, m.p. 110~112°C, was obtained. Mixed 
fusion with 1,3-diazaazulene (II) showed no 
depression of the melting point. 

b) To a suspension of 100mg. of I in lcc. of 
water, 1.2cc. of 10% hydrogen peroxide was 
added dropwise with stirring at room temperature 
and the mixture was stirred for further 3 hr. 
The precipitate formed was collected by filtration 
and 80mg. of yellow microneedles (III), m.p. 
203°C (decomp.), was obtained. 

c) A solution of 45mg. of sodium nitrite dis- 
solved in 0.5cc. of water was added dropwise to 
100 mg. of I suspended in 2cc. of glacial acetic 
acid, cooled in ice. The precipitate formed 

. changed from orange to yellow. After stirring 
for 2hr., the precipitate was collected by filtration 
to 85 mg. of III, m. p. 204°C (decomp.). 

Reaction of Disulfide (II1).—a) Oxidation with 
hydrogen peroxide.—A mixture of 100mg. of II 
suspended in 0.5 cc. of water, with lcc. of 30% 
hydrogen peroxide added, was heated on a water 
bath by which effervescence occurred immediately 
to form an orange solution. The mixture was 
neutralized with sodium hydrogen carbonate, 
extracted with chloroform, and the extract was 
washed jwith water. After drying, chloroform 
was distilled off and 70mg. of yellow needles, 
m. p. 110~113°C, was obtained. This showed no 


ION OF 2-METHYLTHIO-1, 3-DIAZAAZULENE 


% m.p., °C Calcd. Found Ref. 
245 _ _— 1 

295 (d.) —_ _ 10 
172~173 26.40 26.32 — 
133~134 —_ _ 7 

189 — — 7 

239 18.99 19.00 = 

175 17.86 17.92 _— 

94 — 7 


absorption spectra were used for identification of high 
melting substances and 
Measurement was made with a Beckman Model DU 
spectrophotometer. The microanalyses were carried out 
by Mr. S. Ohyama and Miss A. Iwanaga, to whom the 
author’s deep gratitude is hereby expressed 


decomposition products 








depression in the melting point on admixture 
with II. 

b) Red .ction with sodium sulfide. — Aqueous 
solution of 200mg. of sodium sulfide was added 
to 65 mg. of III, suspended in lcc. of ethanol by 
which the precipitate disappeared to form an 
orange solution. The mixture was diluted with 
2cc. of water, acidified with glacial acetic acid, 
and the precipitate was collected by filtration to 
give 50mg. of I, m. p. 300°C. 

Reaction of Sodium Salt of | and Halides.—a) 
General procedure for preparation of methyl- (IV), 
ethyl- (V), n-propyl- (VI), n-butyl- (VII), allyl- 
(VIII), benzyl- (1X), phenacyl- (XII) and acetonyl- 
thio-1,3-diazaazulene (XIII).— Ethanolic solution 
of 1.1 molar equivalents of halide was added to 
the sodium salt of I dissolved in ethanol and the 
mixture was refiuxed for 0.5~1.0hr. Ethanol 
was distilled off, the residue was dissolved in 
benzene, and the benzene solution was passed 
through a short column of alumina. The crystal- 
line residue obtained on evaporation of benzene 
was recrystallized 2~3 times from the solvent 
listed in Table I. 

b) General procedure for preparation of 2, 4- 
dinitrophenyl- (X), 2,4,6-trinitrophenyl- (XI) and 
2-( 1, 3-diazaazulenylthio)-1, 3-diazaazulene (XV).- 
Sodium salt of I was mixed with halide in ethanol 
and the precipitate formed after some time was 
recrystallized twice from a solvent as listed in 
Table I. 

c) 2-Carboxymethylthio-1,3-diazaazulene (XIV). 

To a solution of 500 mg. of I dissolved in 2 cc. 
of 2N sodium hydroxide, 300 mg. of monochloro- 
acetic acid neutralized with sodium hydrogen 
carbonate was added and the mixture was heated 
on a water bath at 90 C for 15min. After cooling, 
the mixture was acidified with acetic acid, the 
yellow precipitate was collected by filtration, and 
washed with water and then with ethanol, affor- 
ding 640 mg. of crystalline powder, m. p. ~»300°C. 

2-Hydroxy-l, 3-diazaazulene (XVI).--a) From 1. 

A mixture of 100mg. of I and 2cc. of con- 
centrated hydrochloric acid was sealed in a tube 


and heated at 160 C for 6hr. Evaporation of 
hydrochloric acid left 120mg. of colorless crys- 
tals, m. p. 300°C, which was dissolved in a 


small amount of water, and the solution was 
neutralized with a saturated solution of sodium 
hydrogen carbonate. The crystalline precipitate 
thereby formed was collected by filtration and 
95mg. of pale yellow needles, m. p. 234°C, was 
obtained. Recrystallization from dilute ethanol 
raised the melting point to 244°C, undepressed 
on admixture with XVI. 

b From IV.--A mixture of 50mg. of IV and 
lee. of concentrated hydrochloric acid was 
refluxed, in an oil bath for 2hr., hydrochloric 
acid was evaporated, and the residue was treated 
as ina) from which 30 mg. of XVI was obtained. 
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Nucleophilic Substitution Reaction of IV.—a) 
2-Amino-1,3-diazaazulene (XVII).—A mixture of 
50mg. of IV and lcc. of ammonia water was 
sealed in a tube and heated at 100°C for 6hr. 
The mixture was allowed to cool overnight and 
crystals that formed were collected by filtration 
to 15mg. of crystals melting at 290°C with 
decomposition. Recrystallization from hot water 
afforded yellow needles (XVII), m.p. 294°C 
(decomp.). Ammonia mother liquor was diluted 
with 3cc. of water and extracted with chloroform 
from which 20 mg. of IV was recovered. 

b) 2-Methylamino- (XVIII) and 2-dimethylamino- 
1, 3-diazaazulene (XIX).—A mixture of 50mg. of 
iV and 40%, aqueous solution of monomethyl- 
amine or dimethylamine was sealed in a tube 
and heated at 100°C for 6hr. The reaction 
mixture was diluted with water, extracted with 
chloroform, and the chloroform residue was 
recrystallfzed from the benzene-petroleum ether 
mixture to XVIII, m. p. 173~174°-C, or XIX, m-.p. 
134°C. There was no recovery of IV in this 
case. 

c) 2-Hydrazino-1,3-diazaazulene (XX).—To a 
solution of 70mg. of IV dissolved in lcc. of 
ethanol, 0.5cc. of 80% aqueous solution of 
hydrazine was added and the mixture was re 
fluxed for 2hr. When cooled, crystals formed, 
they were collected by filtration and recrystallized 
from ethanol to 45mg. of XX, m.p. 187°C 
(decomp.). 

d) 2-Anilino- (XXI) and 2-benzylamino-1,3 
diazaazulene (XXII).—-A mixture of 70mg. of IV 
dissolved in lcc. of ethanol and 50 mg. of aniline 
or benzylamine was heated in a sealed tube at 
160~170-C for 8hr. The crystals formed on 
cooling were recrystallized from benzene to 
yellow needles (XXI), m. p. 238~239°C, or yellow 
scales (XXII), m. p. 175°C. 

¢e) 2-Methoxy-1,3-diazaazulene (XXIIT).— Toa 
solution of 30 mg. of sodium methoxide dissolved 
in 3cc. of dehydrated methanol, 90mg. of IV 
was added and the mixture was refluxed on a 
water bath for 25hr. After evaporation of 
methanol, the benzene-soluble portion afforded 
30 mg. of XXIII and the benzene-insoluble portion 
afforded 15 mg. of XVI. 


The author expresses his deep gratitude 
to Professor Tetsuo Nozoe of the Faculty 
of Science of this University for kind and 
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Shinji lizuka for technical assistance. 
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with a-Dicarbonyl Compounds. II 


On the Structure of Condensation Products of o-Aminophenols 
with a-Dicarbonyl Compounds. II 


By Ichiro MURASE 


(Received June 1, 1959) 


It has been reported in the previous 
paper” that 2,2'-bibenzoxazoline and its 
2,2'-dimethyl derivative were formed by 
the condensation of o-aminophenol (2 mol.) 
with glyoxal (1mol.) and with diacetyl 
(1 mol.), respectively. 

Now, condensation of skeletal deriva- 
tives of o-aminophenol with several kinds 
of a-dicarbonyl compounds was studied 
and the structures of these condensation 
products were determined. 

The condensation reaction proceeded 
generally in the same way as in the case 
of 2, 2’-bibenzoxazoline previously reported. 
However it was found that the products 
were classified into two groups according 
to the molar ratio of the reactants. 

The following investigation led to the 
conclusion that the compounds of the first 
group were the condensation products of 
two moles of o-aminophenols with one 
mole of a-dicarbonyl compounds and the 
structures proved to be 2,2'-bibenzoxa- 
zoline derivatives as in the case previously 
reported. The second group was equimolar 
condensation products of each component 
and the structures proved to be 2-hydroxy 
2,3-disubstituted 1,4-benzoxazine deriva- 
tives. The structures of these two groups 
are summarized in Tables I and II, re- 
spectively, together with their infrared 
and ultraviolet absorption spectra. The 
melting points and analytical data of both 
groups are listed in Tables III and IV, 
respectively. 

It was found that the more bulky the 
alkyl groups in the dicarbonyl compounds 
were, the poorer the yield of the condensa- 
tion product became. In some cases, such 
bulky groups affected only benzoxazine 
type products as the single ones. Acetyl- 
isobutylyl reacted only with 4-nitro-2- 
aminophenol to give a benzoxazine type 
condensation product. On the other hand, 
it proved that phenylglyoxal reacted with 
all o-aminophenols examined to give prod- 
ucts of the same type in good yields. It 


1) I. Murase, This Bulletin, 32, 827 (1959) 


‘methylglyoxal and diacetyl, 


was exceptional that acetylbenzoyl despite 
the bulky groups and though it did not 
react with any other skeletal derivatives, 


condensed with two moles of o-amino- 
phenol to give a bibenzoxazoline type 
product. Benzil did not react at all with 


any of o-aminophenols examined. 

5-Nitro-2-aminophenol and picrylamine 
did not react with any a-dicarbonyl com- 
pounds examined, while 4-nitro-2-amino- 
phenol was very reactive. 

Thus, the ease and the type of the con- 
densation are affected by the basicity of 
the amino group and the acidity of the 
hydroxyl group of the o-aminophenols and 
further by the steric factor of the a- 
dicarbonyl compounds. 

It is interesting to note that in place of 
their mon- 
oximes reacted with o-aminophenol and 4- 
nitro-2-aminophenol with elimination of 
the oximino groups to produce the same 
condensation products as those obtained 
from the mother dicarbonyl compounds. 
But dimethyl glyoxime did not react with 
them. 

The 2, 2’-bibenzoxazoline structures were 
established by means of their infrared 
and ultraviolet absorption spectra; the 
sharp NH band and the anilino band were 
present in each infrared spectrum, which 
were the same as those of an authentic 
2,2'-bibenzoxazoline, and the features of 
the ultraviolet spectra excellently agreed 
with each other regarding those of the 
compounds derived from the same amino- 
phenols (refer to Table I). 

Among these bibenzoxazoline deriva- 
tives, those which were derived from 
glyoxal, methylglyoxal and diacetyl were 
stable toward the cold dilute solution of 
both mineral acid and aqueous alkali, 
while higher homologues were more sensi- 
tive to these reagents and were hydrolyzed 
gradually on standing at room temperature. 
The carboxylic derivatives dissolved in 
sodium hydrogen carbonate solution to 
give a colorless solution, and in sodium 
hydroxide solution with orange coloration. 
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TABLE I. 2,2'-BIBENZOXAZOLINE DERIVATIVES AND THEIR INFRARED AND ULTRAVIOLET 
ABSORPTION SPECTRA; THOSE OF 2,2'-BIBENZOXAZOLINE AND 2, 2'-DIMETHYL-2, 2'-BIBENZOXAZOLINE 
ARE LISTED FOR COMPARISON PURPOSES 


tf Ae mi 3 vo 
Ti “4 \. i \AN\x UV-spectra IR-spectra 


Components | C{R)(R) C | (in ethanol) (Nujol mull) 
No. CN ee \ A X my cm~! 
a-Dicarbonyl o-Aminophenols 2 nN ia 
compounds ? I : H H NH- Anilino 
R R' X py Amax € band band 
CHOCHO H H H H 236 14340 3378 1613 
294 9880 
CH.COCOCH, CH, CH, H H 236 «=: 13200 3358 1613 
293 9880 
1 CH,COCHO A_OH CH, H H H 236 ©=-:12140 
| 294 8798 
2 CH.COCOC:H, / NH: CH; C2H; H H 236 «=: 126 20 
. 293 9273 
3 C.H.COCOC-H; CH, CH, H H 236 ~=—«-:11880 
294 8908 
4 C.H;-COCOCH, C;H; CH, H H 240 12380 3390 1613 
292 9981 
5 CHOCHO H H NO, H 225 22930 3448 1623 
261 27600 3390 
305 11540 
365 10070 
6 CH,COCHO CH; 4H NO. H 225 23600 
261 24250 
306 ~—«:10071 
367 9184 
7  CH,COCOCH, “OH CH, CH, NO, H 225 23210 
| fi 262 27090 
ON’ \/*NH: 306 11420 
369 10860 
8 CH,COCOC:H, CH, CH; NO: H 225 23610 
261 27850 
306 ~—- 11960 
366 11100 
9 C.H.COCOC:H; C:H, CH, NO. H 225 23310 
262 27370 
306 12050 
371 10800 
10 CHOCHO ) OH H H CH, H 238 12250 3413 «1621 
i 298 9866 
11 CH,COCOCH, | H.C SY NH: cH mo th ns 237. ~—«11160 


298 10280 


12 CHOCHO ~~N,/OH H H Cl H 242 11860 3390 1608 
| 303 10880 
Cl’ \/ NH; 
13. CHOCHO A OH H H CO:H H 235 55910 3425 1616 
| 261 16670 
HO.C’\/ “NH; 315 10480 
14. CHOCHO H H H CO:H insoluble 3401 1613 
15 CH,COCOCH, CH, CH, H CO:H 234 29480 3378 =: 1616 
277 ~—- 21720 
HO.C. A__OH 30926050 
16 CH,COCOC;H | | CH; CH, H CO:H 235 29010 
‘NH; 278 22000 
310 26630 
17. C:H,COCOC.Hs CH, CH; H CO:H 234 27150 


278 21770 
310 26510 
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18 CH,COCOCH; ~~ _/OH ~ OQ. 234 43080 3460 1626 

| {I i y » 255 79130 
/\S/ NH 5 @ ape Te 311 6534 
q | Y /cHe Hc \ Ay J 346 9118 

? f AN! CH, Ny” VAN 

| H H | 

\Y J 

\Y 


TABLE II. 2-HYDROXY-1,4-BENZOXAZINE DERIVATIVES AND THEIR INFRARED AND 
ULTRAVIOLET ABSORPTION SPECTRA 


VAY, JA _ OH UV-spectra IR-spectra 
Components “7 Y KR’ (in ethanol) (Nujol mull) 
No. e } ) myt 3000 1600 
a-Dicarbonyl a —— X\ fF . YOR cm-! cm-! 
compounds ee " N region region 
R R' X x Amaz € (broad) 
19 C.H;COCHO Aw_ OH H C.Hs H H 234 9924 3300~2600 1610 
{| 281 14450 1592 
Y “NHe 310 12340 1563 
20 CH;COCOCH(CHs):2 CH; CH(CHs): NO: H 220 17890 3400~2700 1639 
A ,OH 260 12200 1608 
310 7516 1600 
21 C.HsCOCHO O:N°\Y NH2 CH, NO. H 224 17960 3200~2500 1623 
286 30170 1592 
1567 
22 CH;COCOC:H; CH CoH; CH H 217 20960 3200~2500 1634 
262 5000 1618 
311 2552 1592 
23 C:HsCOCOC:Hs; Zn/OH C:Hs CcHs CH H 219 21060 3200~2500 1629 
[ ff 261 5148 1618 
H;C’ \’ ‘NH2 305 2756 1592 
24. CsH;COCHO H CeH; CH H 249 11400 3200~2500 1616 
287 15530 1613 
320 10800 1575 
25 CH;COCOCH CH; CH Cl H 251 4678 3300~2700 1639 
305 2708 1600 
1582 
26 CH;COCOC:H; ~ OH CH; CH; Cl H 222 29630 3300~2700 1629 
| ff 256 4406 1597 
Cl’\’ ‘NH: 311 2632 1582 
27 CesH;sCOCHO H C.H:; Cl H 220 17720 3300~2600 1621 
245 12860 1595 
285 17480 1570 
330 10430 
28 CsH;sCOCHO J~n/OH H C,H CO.H H 219 19910 3200~2500 1618 
f 255 28780 1608 
HO.C’ \/ “NH2 295 16340 1597 
1585 
1570 
29 CsH;COCHO HO.C.A./OH H CeH: H CO2H 297 20420 3300~2500 1623 
NH; 1585 
1570 
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TABLE III. MELTING POINTS AND ANALYTICAL DATA OF 2,2'-BIBENZOXAZOLINE 
DERIVATIVES LISTED IN TABLE I 

Anal. 
m. p. Found Calcd. 

No Formula 
C C% H% N% C% H% N% 
] C,5Hi4N202 220 70.69 5.62 10.93 70.85 5.55 11.02 
2 Ci7H,,N20, 142 72.39 6.45 9.84 72.32 6.43 9.92 
3 C,sH2)N20> 154 73.14 6.78 9.51 72.95 6.80 9.45 
1 C2;H,;sN202 218 76.44 5.58 8.48 76.34 5.49 8.48 
5 Cis,H NO 225 50.54 3.25 16.60 50.91 3.05 16.97 
6 C,;;H;2N4O¢ 216 52.25 3.64 16.35 52.33 3.51 16.28 
e CisHi4NyOe 252 53.47 3.91 15.42 53.63 3.94 15.64 
8 Ci7HieNsO¢ 238 55.07 4.52 14.98 54.84 4.33 15.05 
9 C,;H;3N4O¢ 199 55.99 1.82 14.68 55.95 4.70 14.50 
10 CigHigN202 215 71.47 6.19 10.51 71.62 6.01 10.44 
11 CysH2)N202 237 72.80 6.86 9.33 72.95 6.80 9.45 
12 CisHi)N20:2Cl, 208 54.50 3.49 8.64 54.39 3.26 9.06 
13 CigHj2N2O¢ 237 .5 58.35 3.73 8.3 58.54 3.68 8.53 
14 CigHi2NoO¢ 286 58.52 3.66 8.22 58.54 3.68 8.53 
15 C).H;gN20¢-2H2O 241 55.08 5.02 6.86 55.10 5.14 7.14 
16 Ci9H,sN2O,-2H20 221 55.95 5.53 6.58 56.15 5.46 6.89 
17 C2pH29N20g-2H20 219 56.78 6.07 6.43 57.13 eg 6.66 
18 C.4H2)N,0; 204 78.28 5.42 7.62 78.24 5.47 7.60 

TABLE IV. MELTING POINTS AND ANALYTICAL DATA OF 2-HYDROXY-1, 4-BENZOXAZINE 
DERIVATIVES LISTED IN TABLE II 
Anal. 
m. p. Found Calcd. 

No. Formula 
C C% H% N% C% H% N% 
19 Ci,H;,NO2 228 74.85 4.93 6.42 74.65 4.92 6.22 
20 Ci2H,4N20, 131 57.90 5.68 11.31 57.59 5.64 11.20 
21 CisHyyN2Oy 235 62.36 3.78 10.28 62.22 acto 10.37 
22 Cy2H;;NO2 151 70.58 7.46 6.77 70.22 7.00 6.82 
23 C,;H;;NOz 33 70.92 8.16 6.38 71.20 7.81 6.39 
24 C,s;H;,;NO>2 196 To.2e 5.25 5.72 75.29 5.48 5.85 
25 Cy) HyoNO2Cl 172 56.72 1.89 6.40 56.75 4.76 6.62 
26 C,,;H;:,NO,Cl 131 58.61 5.45 6.4 58.54 5.36 6.21 
27 C,,H,;yNO.Cl 216 64.55 1.01 5.08 64.75 3.88 5.39 
28 CisH;,;NO, 241 67.02 3.90 5.41 66.91 4.12 5.20 
29 CisHi,;NO, 238 67.24 1.04 5.30 66.91 4.12 5.20 


It is apparent that they were tautomerized 
to Schiff bases in the latter case as indi- 
cated in the previous paper”. 

Concerning the equimolar condensation 
products (the second group), benzoxazoline 
structure A was considered at first, since 
the compounds of this group were insoluble 






in aqueous alkali except carboxylic 
derivatives. 
QA OR 
\ \ 7 
A / 
a4 \o~r 
H Tl 
O 
(A) 
The broad infrared absorption bands 


found near 3000 cm~' in all spectra indicate 
the presence of hydrogen bonded OH or 
NH groups. However carbonyl absorption, 
the presence of which was expected from 
formula A, was not found in any spectra, 
and instead comparatively weak absorp- 
tions were present in the 1600cm~' region. 
Further, the fact that, in the case of a- 
iminoketones such as C;H;NHCH.COCH; 
and C;H;NHC(CH;),COCH:;, the sharp NH 
band at 3413cm~' in the both compounds 
and the strong C=O band at 1706cm~' in 
the former and at 1709cm~' in the latter 
existed, excluded the possibility of a- 
iminoketonic formula A. 

Therefore, the author proposed the 1, 4- 
benzoxazine structure C and the mode of 
the reaction indicated. 


SS 
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and 3-phenyl-1,4-benzoxazine (top). 
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The intermediate Schiff base structure 
B was also excluded because the C=O 
absorption was absent in their infrared 
spectra and:they were insoluble in alkali. 
This was further supported by the fact 
that the following compounds of which 
structures were closely related to B, 
showed very strong C=O absorptions: 


y \-CH CHCOC,H; 1645 cm-! 


OH 
S-CH-CHCOCH, 1642cm-! 
~ OH 
~ \-N-C-COC;H; 1667 cm-? 
al C;H; (1645 cm~!, C=N) 


Thus, the 1,4-benzoxazine structure C 
carrying no carbonyl group is most favor- 
able and is further supported by the com- 
parison with the known 1, 4-benzoxazine 
structure. While such 2-hydroxyl sub- 
stituted 1,4-benzoxazines as C have not 
been reported in literatures so far, 3- 


phenyl-l, 4-benzoxazine is known” as one 
of a few 1,4-benzoxazine compounds and 
it was found that the condensation product 
of o-aminophenol with phenylglyoxal (19) 
resembled 3-phenyl-1, 4-benzoxazine in the 
infrared and ultraviolet spectra as shown 
in Fig. 1. 

Acetylation of 19 with acetic anhydride 
gave the acetyl derivative (19a), m. p. 
92°C, and the catalytic hydrogenation of 
19a afforded the dihydro derivative (19b), 
m. p. 147°C, one mole of hydrogen being 
absorbed. The reaction can be explained 
as follows and the structures of the 
resulting compounds were consistent with 
their infrared spectra shown in Fig. 2. 


* O. OH A /O. OCOCH, 
Y Cc ( C 
CH, ——» | C,H, 
i C \ J XL 
y \ H \A \ 7 H 
(19) (19a) 


2) E. Lellmann and A. Donner, Ber., 23, 173 (1890). 

* In the case of the condensation of 0-aminophenol 
with phenylgyoxal, if the amino group reacts with the 
ketonic carbonyl group to form a Schiff base type 
product in the first step, and then it undergoes ring- 
closure to form benzoxazine, the structure should be 
given as follows: 


Or OH 


oH 





n7 CA, 


This isomeric strcuture of 19 was excluded, however, 
because on potassium permanganate oxidation in boiling 
acetone, 19 was recovered and the 2-hydroxyl group 
proved to be attached to a tertiary carbon atom as 
indicated in the scheme. 








64 Ichiro MURASE 


a 0. OCOCH, 




















( 
— | | CoH 
\ A. Cc 
JO xf lH 
H 
(19b) 
100 
1587 
a) ath 
/ 
i( iN 
| i} i] 
| \ 
50 fF | (19b) j 
L / E 
o , 3413 1616 
e | 
pa] | f 
= L 1745 
a “s 1590 
£ ft nn AW . 
ed - } | / 
} | ry | (h (y 
|| 41567| | | 
50} }} 1616 | | |] | 
ron { 
19a) | } \ 
| aasr¥ | 
| } \ 
r FA 
eaarre 1745 — 
2 3 4 5 6 7H 
Fig. 2. Infrared spectra of 19a and 19b 


(Nujol mull). 


Definite assignment of CN absorptions 
of these 1,4-benzoxazines has remained 
unsolved, because phenyl ring absorptions 
were overlapped by other bands in this 
region, however the bands which were 
commonly observed in _ 1, 4-benzoxazine 
derivatives at 1567cm~-' (3-pheny]l-l, 4- 
benzoxazine, Fig. 1), 1563cm~! (19, Fig. 1) 
and 1567 cm~-' (19a, Fig. 2) disappeared by 
hydrogenation (19b, Fig. 2), and thus the 
author tentatively assigned these bands 
to C=N absorptions and other bands in 
this region which remained even after 
hydrogenation to phenyl ring absorptions 
(refer to Table II). 

Further, the broad absorption bands in 
the 3000cm~' region (19, Fig. 1) should be 
due to intermolecular hydrogen bond of 
the hydroxyl group**, because it disap- 
peared by acetylation and the O-acetate 
carbonyl band appeared at 1745cm~ (19a, 
Fig. 2). 

In the case of the condensation product 
of 4-chloro-2-aminophenol with diacetyl 
(25), catalytic hydrogenation was _ con- 
ducted and dihydro derivative (25a), m.p. 
135°C, was obtained. 

** Because the solubility of 19 in the suitable solvent 
was very small, it could not be confirmed by taking the 
infrared spectra with a dilution method 
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(Nujol mull). 


The structures of 25 and 25a were also 
consistent with features of their infrared 
absorption spectra shown in Fig. 3. 

Since the others of this second group 
gave quite similar infrared spectra con- 
cerning the 3000cm-! and the 1600cm~-! 
regions as shown in Table II, it can be 
recognized that they should also have the 
benzoxazine structures. 

Thus, it has been concluded that the 
compounds resulting from the condensation 
of equimolar o-aminophenols and a-dicar- 
bonyl compounds have the structure of 
2-hydroxy-l, 4-benzoxazine derivatives. 

The condensation products of asym- 
metric a-diketones such as acetylpropiony] 
and acetylisobutylyl (20, 22, 26) have not 
been worked out as regards the position 
2- or 3- of the alkyl group in 1, 4-benzoxa- 
zine. The author tentatively proposed 
the 3-methyl substituted structure, con- 
sidering that the carbonyl attached to the 
methyl group is more reactive than others 
and reacts with the amino group at first, 
as shown in the above scheme proposed. 

The 2-phenyl derivatives were stable 
toward 6n hydrochloric acid at 100°C and 
dilute alkali at room tempreature, but in 
the case of 19 it was hydrolyzed to o- 
aminophenol by boiling with 10% sodium 
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hydroxide solution. On the other hand, 
2,3-dialkyl homologues were sensitive to 
acid and alkali and hydrolyzed gradually 
even at room temperature. 

On applying semicarbazide to 25 and 
phenylhydrazine to 19, diacetyl disemi- 
carbazone and phenylglyoxal phenylosa- 
zone were obtained respectively. Hydroly- 
sis must have occurred in these cases. 


Experimental 


General Procedure of the Condensation Reaction 
of o-Aminophenols with a-Dicarbony!l Compounds. 
—The procedure was equally conducted both in 
the bibenzoxazoline type and the benzoxazine 
type condensations. 

Freshly prepared o-aminophenols were dissolved 
in a large amount of distilled water which was 
previously boiled and cooled at 80°C. To this 
solution, a slight excess of calculated amount of 
a-dicarbonyl compounds dissolved in a little 
amount of water was added and mixture was 
held at this temperature with occasionally shaking 
for about 1 hr. Precipitates were soon or 
gradually formed. After cooling, they were 
filtered and washed with water. Recrystallization 
from alcohol or dilute alcohol using a Norit gave 
pure crystalls. 

2-Methyl-2'-ethyl-2, 2' - bibenzoxazoline(2).— A 
mixture of « aminophenol (2g.) and acetylpro- 
pionyl (1.5g.) dissolved in a little amount of 
alcohol was boiled for 3 hr. The solvent was 
then distilled off and the remaining tarrish 
residue was extracted several times with petro- 
leum benzine (80~120°C). The combined extract 
was decolorized using a Norit and concentrated 
to form crystals. Recrystallization from dilute 
alcohol gave prisms, m.p. 142°C. 

2-Methyl-2'-phenyl-2, 2'- bibenzoxazoline(4).— A 
solution of o-aminophenol (1 g.) and acetylbenzoyl 
(1.5 g.) in dioxane (15 ml.) was boiled for 2 hr. 
and then the solvent was distilled off under 
reduced pressure. The remaining oil soon soli- 
dified and was recrystallized from alcohol to give 
long needles, m. p. 218°C. Mol. wt. (Rast), Found: 
329, Calcd.: 330. 

2-Hydroxy-2-isopropy!-3-methyl-7 -nitro -1, 4-benz- 
oxazine(20).— An equivalent portion of 4-nitro- 
2-aminophenol and acetylisobutylyl was well 
mixed and heated on a hot plate about at 120°C 
for 20 min. On cooling, the oily product solidi- 
fied which was pressed on a clay plate and 
recrystallized from benzene to give needles, m. p. 
331°C. 

Condensation of o-Aminophenol with Isonitroso- 
acetone; 2-Methyl-2,2'-bibenzoxazoline(1).—To a 
solution of o-aminophenol (1g.) in hot water (50 
ml.), isonitrosoacetone (1g.) was added and the 
mixture was boiled for 1 hr. Precipitates gradual- 


ly formed and they were recrystallized from 
alcohol to give fine needles, m. p. 220°C. 
The condensations of isonitrosoacetone with 


4-nitro-2-aminophenol and diacetyl monoxime with 
o-aminophenol were carried out in the same 


manner and 5,5'-dinitro-2'-methyl-2, 2'-bibenzoxa- 
zoline (6) and 2,2'-dimethyl-2, 2'-bibenzoxazoline 
were obtained respectively. 

2-Acetoxy -2- phenyl-1, 4- benzoxazine (19a). — A 
solution of 2-hydroxy-2-phenyl-1, 4-benzoxazine 
(19) (1g.) in acetic anhydride (60 ml.) was boiled 
for 2 hr. and then the solution was concentrated 
under reduced pressure. The remaining oily 
product solidified on standing and was recrys- 
tallized from dilute alcohol to give fine prisms, 
m. p. 92.3°C. 

Anal. Found: C, 72.12; H, 5.01; N, 5.37. Calcd. 
for Cy«Hi;3NO3: C, 72.01; H, 4.88; N, 5.22%. 

Hyrogenation of 19a: 2-Acetoxy-3-phenyl-3, 4- 
dihydro-1, 4-benzoxazine (19b).—A solution of 19a 
(0.5 g.) in acetic acid (25ml.) was hydrogenated 
using Adams calalyst at atmospheric pressure 
and room temperature. A _ slightly excessive 
amount of hydrogen was absorbed after 3 hr. 
The solvent was removed under reduced pressure 
and the residue was recrystallized from alcohol 
to give colorless needles, m. p. 147°C. 

Anal. Found: C, 71.29; H, 5.71; N, 5.47. Caled. 
for C,;;H;;NO;: C, 71.38; H, 5.58; N, 5.20%. 

Action of Phenylhydrazine on 19: Phenylglyoxal 
Phenylosazone.—To a suspension of 19 in a little 
amount of acetic acid, an excess of phenylhydra- 
zine was added and the mixture was heated on 
water bath, the contents being gradually dis- 
solved. After 30 min., water was added and the 
resulting precipitates were recrystallized from 
alcohol. Yellow prisms, m. p. 150~151°C; showed 
no depression with an authentic phenylglyoxal 
phenylosazone, m. p. 151°C. 

Hydrogenation of 25: 2-Hydroxy-2, 3-dimethyl- 
6-chloro-3, 4-dihydro-1, 4- benzoxazine(25a).— A 
solution of 25 (lg.) in alcohol (60ml.) was 
hydrogenated using Adams catalyst at atmos- 
pheric pressure and room temperature. A slightly 
excessive amount of hydrogen was absorbed after 
5 hr. The resulting colorless solution was con- 
centrated under reduced pressure and then water 
was added. The crystals obtained on cooling of 
the mixture in an ice box were recrystallized 
several times from dilute alcohol to give fine 
plates, m. p. 135°C. 

Anal. Found: C, 55.92; H, 5.23; N, 6.56. Calcd. 
for CioH;2NO,Cl: C, 56.21; H, 5.62; N, 6.56%. 

Alkali Hydrolysis of 19.—A suspension of 19 
in 5% sodium hydroxide solution was boiled for 
20 min., the contents were gradually dissolved 
and reddish brown solution was obtained. To 
this solution an excess of acetic anhydride was 
added and the mixture was evaporated to dryness 
on a water bath. The. resulting residue was 
washed with water and recrystallized from hot 
water. Needles, m. p. 201°C, showed no depres- 
sion with N-acetyl-2-aminophenol, m. p. 201°C. 

Action of Semicarbazide on 25: Diacetyl Disemi- 
carbazone.—To a warm solution of 25 (0.35 g.), 
semicarbazide hydrochloride (0.3 g.) dissolved in 
water (lg.) containing 0.3¢g. of sodium acetate 
was added and the mixture was allowed to stand 
at room temperature. White precipitates soon 
formed and they were filiered and well washed 
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with alcohol. The white crystals, m. p. 279°C, 
which were almost insoluble in most organic 
solvents showed no depression with an authentic 
diacetyl disemicarbazone, m. p. 279°C. 
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and 6-Acylornithine Amides by Leucine Aminopeptidase 
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(Received June 8, 1959) 


In a previous communication”, it was 
shown that racemic phenylalanine and 
y-phenyl-a-aminobutyric acid amides can 
be resolved by leucine aminopeptidase. In 
this paper, a similar method is described, 
which is based upon the asymmetric 
hydrolysis of the amides of ¢-benzoyl-pL- 
lysine, 6-benzoyl-pL-ornithine and 4d-car- 
bobenzoxy-pt-ornithine by a_ partially 
purified leucine aminopeptidase derived 
from swine kidney”. 

For the resolution, the initial substrate 
concentration was set at 0.05mol., and 
the course of hydrolysis was followed 
measuring evolved ammonia. After 
analysis reveals the theoretical 50% 
hydrolysis, w-acyl-Lt-amino acid was col- 
lected by filtration, and w-acyl-p-amino 
acid amide in the filtrate was separated 
by means of ion-exchange resin. In this 
way, e-benzoyl-pi-lysine amide was 
resolved in a good yield. 46-Benzoyl-p.- 
ornithine amide was hydrolyzed in the 
same manner. However, the difference of 
the solubilities in water of 5-carbobenzoxy- 
L-ornithine and -p-ornithine amide hydro- 
chloride is bigger than that of the cor- 
responding benzoyl derivatives, and 
therefore the amide of d6-carbobenzoxy-p.L- 
ornithine may be in some cases more 
suitable for the purpose. 


1) A. Tanaka and N. Izumiya, This Bulletin, 31, 529 
(1958) 

2) E. L. Smith, ‘Methods in Enzymology”’, Vol. 2, 
edited by S. P. Colowick and N. O. Kaplan, Academic 
Press, Inc., New York (1956), p. 88. 


Experimental 


Preparation of Leucine Aminopeptidase. — A 
partially purified enzyme solution of Step 4 by 
Smith was prepared as described”. Its activities 
against w-acyl-amino acid amides are shown in 
Table I, the proteolytic coefficient (C;) of L- 
leucine amide being included for comparison. The 
rates of hydrolysis were measured by titration 
of 0.2 to 0.6 ml. samples with 0.005 N hydrochloric 
acid by means of the Conway microdiffusion 
method®. 

As shown in Table I, w-acyl-L-amino acid 
amides are hydrolyzed at 1/4~1/7 times the rate 


TABLE I. PROTEOLYTIC COEFFICIENT (C;) 
OF AMINO ACID AMIDES BY PARTIALLY 
PURIFIED LEUCINE AMINOPEPTIDASE* 


C; at different initial 
concn. of substrates** 


Substrates 
0.01M 0.025mM 0.05M 
L-Leucine amide 5.6 Ee 2.0 
¢-Benzoyl-DL- 1.3 0.84 0.49 
lysine amide 
6-Benzoyl-DL- 1.1 0.73 0.50 
ornithine amide 
6-Carbobenzoxy-DL- 0.82 0.49 0.32 


ornithine amide 


* Enzyme was preincubated in 0.1M Tris 
buffer of pH 8.0 with 0.008M manganese 
chloride for one hour at 38°C. Assays were 
conducted in 0.1M Tris buffer of pH 8.0 at 
38°C with preincubated enzyme added. C,= 
log[100/(100—% hydrolysis) ]/(min. x mg. pro- 
tein N per ml. test solution). 

** Concentrations of L-form of substrates. 


3) R. B. Johnston, M. J. Mycek and J. S. Fruton, /. 
Biol. Chem., 185, 629 (1950). 
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for L-leucine amide, a most sensitive substrate 
for the enzyme. However, the efficient resolution 
would be still possible with the susceptibilities 
of w-acyl-amino acid amides in the orders 
described above. 

Synthesis of Compounds. — <-Benzoyl-DL-lysine 
ethyl ester hydrochloride. — <-Benzoyllysine*» (200 
g.) Was suspended in ethanol (41.) and dry 
hydrogen chloride was introduced to saturation 
at room temperature. The solution was refluxed 
for one hour and evaporated in vacuo. The 
residue was dissolved in ethanol (21.), and the 
same procedure was repeated again. Treatment 
of the residue with dry ether yielded crystals*. 
These orystals were recrystallized from ethanol- 
ether; yield, 236g. (949); m.p. 91~94°C 

Anal. Found: N, 8.82. Calcd. for C,;;H230;N:2CI: 
N, 8.90%. 

e-Benzoyl-DiL-lysine amide hydrochloride. — The 
above compound (189g.) was dissolved in 
methanol (3.41.) previously saturated with dry 
ammonia at 0°C, the solution was kept at room 
temperature for three days and then concentrated 
in vacuo to dryness. The residual crystals were 
collected by the aid of methanol and acetone. 
This was dissolved in hot water, the solution 
was concentrated, and additions of methanol and 
acetone yielded crystals; yield, 108g. (63%); 
m. p. 235~237°C (decomp.). 

Anal. Found: C, 54.73; H, 6.73; N, 14.46. Caled. 
for Ci3H2,02N3Cl: C, 54.64; H, 7.05; N, 14.71%. 

0-Benzoyl-DL-ornithine ethyl ester hydrochloride.— 
This compound was prepared from 4d-benzoyl- 
ornithine*-®© (236g.) in the same way as that for 
benzoyllysine ethyl ester hydrochloride; yield, 
288 g. (96%); m.p. 175~177°C. 

Anal. Found: N, 9.33. Caled. for C,,H2;O3;N2Cl: 
N, 9.31%. 

a-Carbobenzoxy-6-benzoyl-DL-ornithine ethyl ester.— 
To a suspension of the above compound (9.0g.) 
in chloroform (90 ml.) was added triethylamine 
(9.4ml.). The compound went into solution im- 
mediately, and carbobenzoxy chloride” (4.8 ml.) 
was added to the solution under cooling. The 
mixture was allowed to react at room temperature 
overnight, washed with water, dilute bicarbonate 
solution, dilute hydrochloric acid, and water; the 
organic layer was dried over sodium sulfate and 
concentrated in vacuo to yield a syrup which 
was crystallized by the addition of petroleum 


ether. This was recrystallized from ethyl 
acetate-petroleum ether; yield, 10.3g. (86%); 
m. p. 110°C. 


Anal. Found: N, 7.24. Caled. for Cs:H2.O;Ne: 
N, 7.03%. 


4) A.C. Kurtz, ibid., 180, 1253 (1950). 

5) J. C. Eck and C. S. Marvel, ‘“‘ Organic Syntheses’”’, 
Col. Vol. 2, edited by A. H. Blatt, John Wiley & Sons, 
Inc., New York (1948), p. 374; E. E. Howe and E. W. 
Pietrusza, J. Am. Chem. Soc., 71, 2581 (1949). 

* When the paper chromatography of the crystals 
shows an additional spot of «-benzoyllysine except ben- 
zoyllysine ester, treatment by dry hydrogen chloride of 
ethanol solution of the crystals should be repeated again. 

6) E. Fischer and G. Zemplen, Ber., 42, 1022, 2989 
(1909). 

7) .H. E. Carter, R. L. Frank and H. W. Johnston, 
“Organic Syntheses”’’, Col. Vol. 3, edited by E. C. 
Horning, John Wiley & Sons, Inc., New York (1955) p. 167., 
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a-Carbobenzoxy-6-benzoyl-DL-ornithine amide. 
This compound was prepared from the above 
compound (6.0g.) by the same procedure as 
that for benzoyllysine amide hydrochloride and 
recrystallized from methanol-ether; yield, 4.7 ¢. 
(85%); m.p. 205~206°C. 

Anal. Found: N, 11.52. Caled. for C2 9H2;0,N;3: 
N, 11.38%. 

6-Benzoyl-DL-ornithine amide hydrochloride.—This 
compound was prepared from benzoylornithine 
ethyl ester hydrochloride (150g.) in the same 
way as that for benzoyllysine amide hydro- 
chloride and recrystallized from methanol-ether; 
yield, 87g. (649%); m.p. 195~197°C. 

Anal. Found: C, 53.24; H, 6.68; N, 15.24. Calcd. 
for C,;2H,,02.N3;Cl: C, 53.04; H, 6.68; N, 15.46%. 

This compound was also prepared as follows. 
a-Carbobenzoxy-d-benzoylornithine amide (3.7 g.) 
dissolved in 0.3N methanolic hydrochloric acid 
(36ml.) was treated with dry hydrogen in the 
presence of palladium black in the usual manner”. 
The filtrate from the catalyst was evaporated in 
vacuo, and the residual syrup was crystallized 
easily; yield, 2.5g. (92%); m.p. 196~197°C. 

Anal. Found: N, 15.41. Caled. for C;2H;,02N;Cl: 
N, 15.46%. 

0-Carbobenzoxy-DL-ornithine.— This compound was 
prepared from ornithine hydrochloride (101 g.) by 
the same procedure as that for the L-isomer*”; 
yield, 121g. (76%); m.p. 250~253°C (decomp.). 

Anal. Found: N, 10.71. Caled. for C,;H;,O,Ne: 
N, 10.52%. 

. 6-Carbobenzoxy-DL-ornithine amide hydrochloride.— 
The above compound (106g.) was treated with 
1.5N methanolic hydrochloric acid (4.4 1.) as 
described in the case of the L-isomer', and the 
hygroscopic crystalline carbobenzoxyornithine 
methyl ester hydrochloride obtained was amidated 
with methanolic ammonia in the usual manner. 
The product was recrystallized from methanol- 
acetone; yield, 86g. (71%); m.p. 153~154°C. 


TABLE II. Rs VALUES OF REFERENCE 
COMPOUNDS 


Compounds R;* 
e-Benzoyllysine (DL, L and D form) 0.58 
e-Benzoyl-DL-lysine ethyl ester 0.82 
e-Benzoyllysine amide (DL and D form) 0.65 
Lysine (L and D form) 0.14 
6-Benzoylornithine (DL, L and D form) 0.55 
6-Benzoyl-DL-ornithine ethyl ester 0.80 
6-Benzoylornithine amide (DL and D form) 0.60 
Ornithine (L and D form) 0.11 


d-Cabobenzoxyornithine (DL and L form) 0.61 
6-Carbobenzoxyornithine amide 
(DL and D form) 0.68 


* The solvent system of n-butanol:acetic 
acid: pyridine: water (4:1:1:12, by volume) 
and Toyo filter paper No. 50 were used. 


8) N. Izumiya and T. Yamashita, J. Biochem., 46, 19 
(1959) 

9) R. L. M. Synge, Biochem. J., 42, 99 (1948). 

10) I. Schumann and R. A. Boissonas, Helv. Chim, 
Acta, 35, 2237 (1952). 
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Anal. Found: C, 51.53; H, 6.68; N, 13.59. Calcd. 
for Ci:;H2903N;Cl: C, 51.74; H, 6.68; N, 13.93%. 

Ry Values of Compounds.—The R; values of the 
reference compounds are given in Table II. 

Resolution of ¢-Benzoyl-DL-lysine Amide. — <- 
Benzoyl-z-lysine. ¢-Benzoyl-DL-lysine amide hy- 
drochloride (86.4g.) was dissolved in water 
(2 1.) containing manganese chloride tetrahydrate 
(0.60 g.). The pH was adjusted to about 7.5 with 
1N aqueous ammonia (150 ml.), the enzyme solu- 
tion containing the equivalent of 16.4mg. of 
protein nitrogen was added, and the volume was 
made up to 6.01. After about ten hour incuba- 
tion at 38°C, the results of ammonia determina- 
tion indicated complete hydrolysis of the L-amide, 
when the pH of solution was found to be near 
8.5. In the course of the digestion, benzoyl-L- 
lysine was partly precipitated. The course of 
hydrolysis is shown in Fig. 1. 


50 


Hydrolysis 
S 7 
ae 


f 
t 1 1 Nl —_" L 
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Time, hr. 
Fig. 1. Time-course of hydrolysis of 


e-benzoyl-DL-lysine amide. 


It was incubated for another fifteen hours, 
and its paper chromatography in this stage 
showed two spots with several solvent systems. 
The incubation mixture was evaporated in vacuo 
to a small volume, and the crystals were col- 
lected and washed with water (combined filtrate 
and washings saved for the D-amide). This was 
recrystallized from hot water; yield, 33.1 g. (88%,); 
m.p. 244~246°C (decomp.); [a]}}+22.0° (c=2, 
in 5N hydrochloric acid) (lit. [a@]}}+22.3°). 

Anal. Found: N, 11.10. Caled. for C,;;H;s0,No: 
N, 11.29%. 

L-Lysine hydrochloride. — The above compound 
(10 g.) was refluxed with 6N hydrochloric acid 
(150 ml.) for ten hours, and benzoic acid produced 
was removed in the usual manner™. The solu- 
tion was evaporated in vacuo, and the residual 
syrup was dissolved in water. The solution, 
adjusted to pH 6.4~6.6 by the addition of triethyl- 
amine, was evaporated to dryness, and the residue 
was recrystallized from water-ethanol; yield, 
6.7g. (92%); [a]}§+20.5° (c=2, in 5N hydro- 
chloric acid) (lit.!% [a@]p+20.7°). 

Anal. Found: N, 15.50. Caled. for CgsH,;,;0O.N:2Cl: 
N, 15.34%. 

e-Benzoyl-p-lysine amide hydrochloride. — The 
filtrate and washing** described already were 
passed through a column of Amberlite IRA-400 


11) N. Izumiya and S. Ota, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 72, 445 (1951) 

12) N. Izumiya and K. Kitagawa, ibid., 79, 65 (1958) 
13) J. P. Greenstein, S. M. Birnbaum and M. C. Otey, 
J. Biol. Chem., 204, 307 (1953) 
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(5cem.x50cm.) in the alkaline phase, a strongly 
basic anion-exchange resin, and water (9 1.) was 
successively added to the top of the column. The 
fractions were combined and evaporated to 
dryness in vacuo. The evaporation was repeated 
several times with addition of methanol, the 
residue was dissolved in 1N methanolic hydro- 
chloric acid (150ml.), and the solution was 
concentrated to a small volume, acetone being 
added. The crystals collected were recrystallized 
from hot methanol-acetone; yield, 35.5g. (83%); 
m.p. 220~221°-C (decomp.); [a]}}—16.8° (c=2, 
in water). 

Anal. Found: C, 54.61; H, 7.16; N, 14.58. Caled. 
for Ci3H2.O2N3Cl: C, 54.64; H, 7.05; N, 14.71%. 

e-Benzoyl-p-lysine.—The above compound (14.3 
g.) was refluxed with 2N hydrochloric acid (210 
ml.) for one hour, the solution was evaporated 
in vacuo, and the residue was dissolved in water, 
triethylamine being added to neutralization. The 
crystals collected were recrystallized from hot 
water; yield, 85g. (68%); m.p. 246~247°C 
(decomp.); [a]}—21.8° (c=2, in 5N hydrochloric 
acid) (lit..0 [a]§}—22.1°). 

Anal. Found: N, 10.97. Caled. for C;3;H;sO;Ne: 
N, 11.19%. 

p-Lysine hydrochloride.—Benzoy|-D-lysine amide 
hydrochloride (8.6g.) was refluxed with 6N 
hydrochloric acid for ten hours, benzoic acid was 
removed, and the solution was evaporated to 
dryness in vacuo. The evaporation was repeated 
several times with addition of water and of some 
triethylamine until free of ammonia, this pro- 
cedure replacing ammonium chloride with 
triethylamine hydrochloride which is soluble in 
ethanol. The product remained was recrystallized 
from water-ethanol; yield, 4.7g. (86%); [al 

20.3° (c=2, in 5N hydrochloric acid) (lit. 
[a]p—20.7~ —21.0°). 

Anal. Found: N, 15.71. Caicd. for CgH,;;O2N:2Cl: 
N, 15.34%. 

Resolution of 6-Benzoyl-DL-ornithine Amide. 
0-Benzoyl-t-ornithine. To 0-benzoyl-DL-ornithine 
amide hydrochloride (54.4g.) and manganese 
chloride tetrahydrate (0.40g.) dissolved in water, 
pH being brought to 7.5, was added the enzyme 
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Fig. 2. Time-course of hydrolysis of 6- 


benzoyl-DL-ornithine amide. 


** A certain amount of the combined filtrate and 
washings were evaporated, aqueous sodium hydroxide 
was added, and the solution was extracted with chloro- 
form as that for D-phenylalanine amide’, but about 
20% of the D-amide could be extracted. 

14) S. M. Birnbaum, L. Levintow, R. B. Kingsley and 
J. P. Greenstein, J. Biol. Chem., 194, 455 (1952) 
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containing 12.5mg. of protein nitrogen. The 
mixture was made up to 4.0 1. and incubated at 
38°C, the course of hydrolysis being shown in 
Fig. 2. The solution was then evaporated to 
a small volume, and the resulting crystals 
were collected and washed with water; yield, 
12.8 g. The combined filtrate and washings 
were passed through a column of Amberlite 
IRA-400 (4.5cem.*40cm.), and the column was 
washed with water (6 1.) (combined fractions 
saved for the D-amide). Elution of the additional 
L-amino acid from the column was accomplished 
with 2N hydrochloric acid (7 1.) The eluate was 
evaporated, the residue was dissolved in water, 
and the solution was neutralized with triethyl- 
amine; yield, 9.7g. The combined crystals 
(22.5g.) were recrystallized from hot water; 
yield, 20.3g. (86%.); m.p. 243~245°C (decomp.); 
[a]}} — 26.0 (c=2, in 5N _ hydrochloric acid) 
(lit. La lb 19.8-). 

Anal. Found: N, 11.61. Caled. for C,2H;g0,Noe: 
N, 11.86%. 

L-Ornithine hydrochloride.—This was prepared 
from the above compound (11.8g.) as that for L- 
lysine hydrochloride; yield, 7.6g. (90%.); [al} 
+22.0° (c=2, in 5N hydrochloric acid) (lit.'’ 
[a]lp-22.1°). 

Anal. Found: N, 16.57. Caled. for C;H;;0.N>Cl1: 
N, 16.60%. 

0-Benzoyl-p-ornithine amide hydrochloride.—The 
combined fractions described already were treated 
in the same way as that for benzoyl-D-lysine 
amide hydrociloride; yield, 23.4g. (86%,); m.p. 
208~210°C; [a]}}—16.5° (c=2, in water). 

Anal. Found: C, 52.41; H, 6.77; N, 15.38. Calcd. 
for C,;2H;302N;Cl: C, 53.04; H, 6.68; N, 15.46%. 

0-Benzoyl-v-ornithine.—This was prepared from 
the above compound (13.6¢g.) as that for benzoyl- 
D-lysine; yield, 5.3g. (45%); m.p. 242~245°C 
(decomp.); [a]}}--25.8° (c=2, in 5N hydrochloric 
acid). 

Anal. Found: N, 11.73. Caled. for C,2H;g0O;No: 
N, 11.86%. 

p-Ornithine hydrochloride.—This was prepared 
from benzoyl-D-ornithine amide hydrochloride 
(8.2g.) as that for D-lysine hydrochloride; yield, 
4.5g. (89%); [a]#—21.7° (c=2, in 5N_ hydro- 
chloric acid) (lit.'%? [@]p—20.1°-). 
Anal. Found: N, 16.33. Caled. for C;H,;,;02N:,CI: 
, 16.60%. 
Resolution of 6-Carbobenzoxy-DL-ornithine 
Amide. — 6-Carbobenzoxy-t-ornithine. — 6-Carboben- 
ZOXy-DL-ornithine amide hydrochloride (60.2 g.) 
was incubated with the enzyme containing 17.4 
mg. of protein nitrogen in the similar manner as 
that for benzoyl-DL-ornithine amide, the course 
of hydrolysis being shown in Fig. 3. During 
incubation, the precipitate was deposited 
gradually. After about sixty hours, the mixture 
was kept in a refrigerator for two days, and the 
crystals were collected and washed with cold 
water (combined filtrate and washings saved for 
the D-amide). This was recrystallized from 
dilute hydrochloric acid-aqueous ammonia; yield, 


N 


15) N. Izumiya, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 72, 150 (1951) 
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Fig. 3. Time-course of hydrolysis of 6- 
carbobenzoxy-DL-ornithine amide. 


24.5 g. (92%); m.p. 246~248°C (decomp.); [al]l} 
+ 18.1 [c=2, in aqueous acetone (1:1, by 
volme) containing two equivalents of of hydrogen 
chloride] (lit. [a]§+17°); [a@]}}-+18.9° (c=2, in 
5N hydrochloric acid). 

Anal. Found: N, 10.55. Caled. for C,3;3H;s0,Noe: 
N, 10.52%. 

L-Ornithine hydrochloride.—The above compound 
(5.3 g.) was refluxed with 6N hydrochloric acid 
(80 ml.) for four hours, the solution was 
evaporated to dryness in vacuo, and the residue 
was treated as that for L-lysine hydrochloride; 
yield, 2.8g. (83%); [a]#+21.9° (c=2, in 5N 
hydrochloric acid) (lit.' [@]p+22.1°). 

Anal. Found: C, 35.89; H, 7.87; N, 16.00. Calcd. 
for C;H:;02N2Cl: C, 35.58; H, 7.77; N, 16.60%. 

6-Carbobenzoxy-p-ornithine amide hydrochloride. 
The combined filtrate and washings described 
already were treated in the same way as that for 
benzoyl-D-lysine amide hydrochloride. The prod- 
uct obtained was_ recrystallized from _ hot 
methanol-ether; yield, 25.7 g. (85%); m.p. 175~ 
176°C; [a] —8.7° (c=2, in water). 

Anal. Found: C, 51.32; H, 6.71; N, 14.04. Calcd. 
for C,3H2)03;N;Cl: C, 51.68; H, 6.68; N, 13.92%. 

p-Ornithine hydrochloride.— The above com- 
pound (6.0g.) was treated as that for L-ornithine 
hydrochloride in this section and _ D-lysine 
hydrochloride; yield, 2.9g. (86%); [a]j}—22.2 
(c=2, in 5N hydrochloric acid) (lit. [a]lp 

20.1°). 

Anal. Found: C, 35.91; H, 7.76; N, 15.97. Calcd. 
for C;H,;;02N2Cl: C, 35.58; H, 7.77; N, 16.60%. 


Summary 


<--Benzoyl-pi-lysine amide, d-benzoyl-pi- 
ornithine amide and 46-carbobenzoxy-pL- 
orithine amide were resolved to w-acyl-1- 
amino acids and ow-acyl-p-amino acid 
amides by the partially purified leucine 
aminopeptidase preparation. w-Acyl-L- 
amino acids and o-acyl-p-amino acid 
amides were hydrolyzed tot- and p-amino 
acid hydrochlorides, respectively. The 
parts of w-benzoyl-p-amino acid amides 
were changed to w-benzoyl-p-amino acids 
by acid hydrolysis. 
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Determination of Methyl and Phenyl Groups in Methyl-Phenyl-Siloxane 
Polymer by NMR Spectroscopy 


By Tsutomu KuBoTA and Tsutomu TAKAMURA 


(Received June 22, 1959) 


Chemical applications of NMR spectro- 
scopy have been developed rapidly during 
recent few years. Although many reports 
have been published on its application to 
the molecular structure investigation and 
to the qualitative analysis, quantitative 
analysis using the NMR method has 
scarcely been reported” at all. 

It has already been known that under 
an appropriate experimental condition the 
peak area of the resonance spectrum is 
directly proportional to the number of 
resonating atoms irrespective of their 
chemical nature’. Since the peak area 
depends both on the volume of specimen 
inserted in an effective part of a high 
frequency coil and on whether or not 
the specimen is placed at the right posi- 
tion in the coil, a calibration must always 
be performed with the identical sample 
container if the outer reference method 
is adopted. If, however, a suitable inner 
reference is used instead of an outer one, 
such a disadvantage can be avoided; and 
in addition to this, the authors have a 
great advantage that no standard sub- 
stance is required. The inner reference 
method is done by mixing a sample 
material homogeneously with a known 
amount of any substance which produces 
a resonance peak and by referring to the 
peak area produced by the substance as 
a standard. 

Shoolery et al. have pointed out the 
usefulness of the method, but have not 
made the actual application”. Muller and 
Goldenson have used the peak area method 
for their kinetic study of phospher com- 
pound” and Shaw and Elsken have shown 
that the peak height of differential form 
of spectrum can be applied to the quanti- 
tative analysis’, but their purposes seem 


1) C. A. Reilly, Anal. Chem., 30, 839 (1958) 

2) N. F. Chamberlain, ibid., 31. 56 (1959). 

3) R. B. Williams, Ann. N. Y. Acad. Sci., 70, 800 
(1958) 

4) C. F. Callis, J. R. von Wazer and J. N. Shoolery, 
Anal. Chem., 28, 269 (1956) 

5) N. Muller and J. Goldenson, J. Am. Chem. Soc., 78, 
5182 (1956). 

6) T. M. Shaw and R. H 
1983 (1955). 
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not to be in the complete examination of 
the inner reference method. 

It is the purpose of the present study 
to examine the inner reference method 
and to bring it toa practical use, in which 
determination of methyl and phenyl groups 
in methyl-phenyl-siloxane polymer has 
been carried out. The linear relationship 
between the peak area and proton con- 
centration has been found to exist in a 
wide range of experimental conditions, 
the determination being made without 
difficulty. The analytical results were 
compared with those obtained from the 
infrared analysis and it was found that 
they were in good agreement within the 
experimental error. 


Experimental 


Materials.—-Dioxane and benzene of commercial 
guaranteed reagents were used without further 
purification. Acetone was purified by drying a 
commercial guaranteed reagent with unhydrous 
calcium chloride and by distilling twice. Water 
was purified by distilling the de-ionized water. 
All of the organosiloxanes were those synthesized 
and purified in the Tsurumi Research Laboratory 
of Tokyo Shibaura Electric Co. The boiling or 
melting point ranges of siloxanes were within 
t0.5°C. 

Measurements.—-Approximately 0.6 ml. of each 
sample was poured by means of a syringe into 
a glass tube of 5mm. in outer diameter which 
then was sealed off. If necessary, a glass tube 
of 2mm. in outer diameter ccntaining pure 
water was sealed in the outer tube at the co- 
These sealed tubes were offered 
to measurements. Since according to a prelimi- 
nary examination, there exists no difference 
between the proton chemical shift obtained by 
using a soft lead glass tube as a sample container 
and that obtained by using a borosilicate glass 
tube, soft lead glass tubes were used throughout 
this work becauce of the ease of sealing them. 

Proton NMR spectra were recorded with a 
Japan Electron Optics Laboratory NMR Spectro- 
meter Model JNM-3. The applied resonance 
frequency was 40 Mc, the field sweep width, 87.5 
and 175 milligauss, the sweep rate being controlled 
to 5 to 10 milligauss per second. All the measure- 
ments were carried out in a room whose air 
temperature was regulated to 25+1°C. 


axial position. 
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Polymer by NMR Spectroscopy 


The proton chemical shift described in 6 value 
was calibrated as follows: The spectrum was 
recorded for pure acetone using pure water asa 
reference. The distance between the peaks due 
to acetone and water was measured from the 
center of the peaks, the field width corresponding 
to the distance being decided by using the 6 
value of acetone, d= —0.334, which was given by 
Allred and Rochow®. All the measurements were 
repeated ten times for one sample, the data 
being averaged. The proton chemical shift of 
the methyl group attached to the silicon atom 
was found to be 6 0.49 for hexamethylsiloxane 
and methyl-phenyl-siloxane polymer, and that of 
the phenyl group to be 06 0.22 for cycloocta- 
phenyltetrasiloxane and methyl-phenyl-siloxane 
polymer. 

The infrared spectrum was recorded with an 
automatic recording spectrometer which was 
specially designed by Professor H. Yoshinaga of 
Osaka University. Measurements were carried 
out with the carbon disulfide solutions of sample 
at various concentrations and by means of a 
rock salt cell of 0.1mm. optical path length for 
quantitative use. The key bands taken for 
methyl and phenyl groups were the absorption 
bands at wave numbers of 2970 and 3030cm™! 
respectively. 


, 


Results and Discussion 


Prior to the quantitative determination 
on methyl-phenyl-siloxane polymer, cali- 
bration curves were drawn with some 
standard substances to ascertain that the 
proportionality really exists between a 
peak area due to methyl or phenyl group 
and the number of protons contained in 
the group. Hexamethylsiloxane and cyclo- 
octaphenyltetrasiloxane were chosen as 
standards, because the chemical constitu- 
tion of these substances is similar to that 
of the siloxane polymer. Although the 
most favorable case would be one where 
these substances could be mixed homo- 
geneously at various mixing ratios, the 
solid of phenyl siloxane is only slightly 
soluble in methyl siloxane; therefore, 
benzene and dioxane were used as 
auxiliary standards. The peak area was 
measured by varying the mixing ratio for 
three binary systems, namely, hexamethyl- 
siloxane-benzene, cyclooctaphenyltetrasil- 
oxane-dioxane and benzene-dioxane, where 
each characteristic peak is well separated. 
The examples of spectra are shown in 
Fig. 1. 

In the case of the hexamethylsiloxane- 
benzene system two peaks appeared; the 


7) A. L. Allred and E. G. Rochow, J. Am. Chem. Soc., 
79, 5361 (1957) 
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Fig. 1. Proton spin resonance spectra of 
binary mixtures containing organosilox- 
anes recorded at 40 Mc. and 25°C. 

a) 46.1 weight % of hexamethy!l- 
siloxane in benzene; 

b) 20.0% of cyclooctaphenyltetra- 
siloxane in dioxane; 

c) 84.1% of methyl-phenyl-siloxane 


polymer in dioxane. 
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Fig. 2. Plotting of concentration of 

hexamethylsiloxane in benzene obtained 


from NMR spectra against that obtained 
from the mixing ratio. 


one is due to proton of benzene and the 
other to that of siloxane. The concen- 
tration of siloxane was obtained from the 
experimental results by taking the ratio 
of the peak area of benzene to that of 
siloxane and by multiplying the ratio by 
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Fig. 3. Plotting of concentration of cyclo- 
octaphenyltetrasiloxane in dioxane 
obtained from NMR spectra against 
that obtained from the mixing ratio. 
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Weight % of C,H; 
Fig. 4. Plotting of concentration of 


benzene in dioxane obtained from NMR 
spectra against that obtained from the 
mixing ratio. 


a factor of 1/2, since benzene and siloxane 
molecules have six and twelve equivalent 
hydrogen atoms, respectively. The con- 
centration of siloxane thus obtained was 
plotted against that determined by the 
mixing ratio. As seen in Fig. 2, the 
plots are well on the straight line whose 
slope is unity, the direct proportionality 
being confirmed. Similar plottings made 
on cyclooctaphenyltetrasiloxane-dioxane 
and benzene-dioxane systems gave also 
straight lines, the proportionality being 
ascertained as shown in Figs. 3 and 4. 
With the results of these experiments 
parallelly performed the direct propor- 
tionality was proved to be maintained in 
the mixture of hexamethylsiloxane and 
cyclooctaphenyltetrasiloxane. 


Tsutomu KUBOTA and Tsutomu TAKAMURA 
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The fact that the chemical shift of any 
respective group shows no _ difference 
whether the group is attached to simple 
siloxane or siloxane polymer shows these 
compounds to be nearly identical regarding 
the chemical construction. Therefore, the 
proportionality is supposed to be main- 
tained also in the case of siloxane polymer. 

Since the peak area measured at a 
definite recording condition depends on 
the sample volume located in the high 
frequency coil effectively, as already 
mentioned, the absolute number of protons 
can hardly be determined when outer 
reference is used. Such a difficulty is 
eliminated by mixing a known amount of 
a substance having proton with the sample 
homogeneously. Dioxane was chosen as a 
suitable reference. The actual measure- 
ment was made on the mixture of methyl- 
phenylsiloxane polymer and dioxane by 
varying the mixing ratio. Three well 
separated peaks appeared in this case as 
shown in Fig. 1, two from methyl and 
phenyl groups of siloxane polymer and 
one from dioxane. The peak area due to 
one proton can be obtained from the 
observed area of dioxane whose concentra- 
tion is known, then, the numbers of 
methyl and phenyl groups involved in 
100 g. of siloxane polymer can be calculated 
for each mixing ratio from the peak areas. 
The obtained values are listed in the 
second and fourth columns in Table I to 
show the constant value over a wide range 
of mixing ratio. 

On the other hand, the number of each 
group was also determined with the infra- 
red technique. Cyclooctamethyltetrasil- 
oxane and _ cyclooctaphenyltetrasiloxane 
were used as standard substances for 
methyl and phenyl groups, respectively. 
Assuming that each extinction coefficient 
of a respective group in siloxane polymer 
is identical with that of the corresponding 
standard substance, the number was 


TABLE I. NUMBERS OF METHYL AND PHENYL 
GROUPS PER 100g. OF METHYL-PHENYL- 
SILOXANE POLYMER DETERMINED BY NMR 
AND INFRARED METHOD 


Number of 
phenyl group 


Number of 
methyl group 


Weight % of 
methyl-phenyl- 
siloxane poly- 


mer in dioxane NMR _ Infrared NMR _ Infrared 
84.1 1.21 0.56 
54.5 1.16 0.55 
44.0 1.14 0.57 
20.1 1.35 0.56 
mean Lae 1.21 0.56 0.56 
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determined from the absorptions in carbon 
disulfide solution of known concentrations. 
The results averaged are cited in the third 
and fifth columns of Table I. Agreement 
of these results obtained from the two 
different methods is good within the 
experimental error. 

The great advantage of NMR spectro- 
scopy on the quantitative analysis is that 
no standard to the respective specimen 
is required because the peak area depends 
only on the number of protons and, under 
an appropriate experimental condition, is 
independent of the nature of molecular 
configuration. A comparatively large ex- 
perimental error in the method caused by 
the crude reproducibility of the spectrum 
is now being reduced by the rapid develop- 
ment of instrumentation. The group type 
analysis on the relatively complicated 
molecule will then be systematized with 
the accumulation of chemical shift data, 
each number of atoms having nuclear 
spin would be determined for each group 
with the inner reference method, and 
therefore, the NMR method will display 
more power in the determination of 
molecular structure. 


Summary 


Proton spin resonance spectra were 
recorded for the three binary mixtures, 
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benzene-dioxane, benzene-hexamethy]sil- 
oxane and dioxane-cyclooctaphenyltetra- 
siloxane whose mixing ratios were varied. 
The peak area due to resonating proton 
of methyl or phenyl group was found to 
be directly proportional for all systems to 
the number of protons which give the 
peak of respective groups over a wide 
range of recording conditions. 

With the results obtained, the determina- 
tion of methyl and phenyl groups in 
methyl-phenyl-siloxane polymer was car- 
ried out by the use of the inner reference 
method using dioxane. Siloxane polymer 
was mixed with dioxane and the spectrum 
was recorded for the mixture, the number 
of each group being calculated from the 
obtained peak area. The results were 
compared with those obtained from the 
infrared analysis and they were in good 
agreement within the experimental error. 
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The Volume Change on Formation of Water from its Ions’ 


By Akira TSuJIOKA 


(Received July 3, 


The reaction between the hydrogen ion 
and the hydroxyl ion is given by 


H*+ +OH H.O (1) 


It was noticed by Geffcken et al.” that 
the volume change associated with this 
reaction in aqueous solution is about 23cc. 
per mole at infinite dilution and at 25°C. 
But there has been no investigation to 
provide the data at various concentrations 
and to correlate quantitatively the volume 
change with concentration. Although the 


1) Presented at the 12th Annual Meeting of the 
Chemical Society of Japan, Kyoto, April, 1959. 

2) W. Geffcken and D. Price, Z. physik. Chem., B26, 
81 (1934) 


1959) 


volume changes on formation of water are 
not susceptible of direct measurement, 
these values can be determined by using 
the data on changes of volume on neutrali- 
zation of a strong acid with a strong base. 

In the concentration range of high 
dilution, there is little or no difference 
between the volume change on neutraliza- 
tion of aqueous sodium hydroxide with 
hydrochloric acid and that with hydrobro- 
mic or hydroiodic acid”. The expansion 


3) J. D’Ans and E. Lax, “* Taschenbuch fur Chemiker 
und Physiker’’, 2nd Ed., Springer-Verlag, Berlin (1949) 
p. 821; Landolt- Bornstein, 
Tabllen’’, Erg 


** Physikalisch-Chemische 
B. II, Springer-Verlag, Berlin (1931), p 
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in total volume in such cases may be 
explained as mainly due to the disappear- 
ance of electrostriction of charged ions”, 
which is caused by the fact that the hydro- 
gen ion combines with the hydroxyl ion 
to form water. In the higher concentration 
range, however, the magnitudes of volume 
change per mole commonly decrease with 
three different series of reactions men- 
tioned above and the differences among 
them becomes larger(see the second column 
in Table II). In orderto explain these 
subjects, it is necessary to derive the 
relationship between the volume change 
on formation of water from its ions and 
the concentrations of acid and base. 

With reference to the method employed 
by Rossini®’, who calculated the heat of 
ionization of water, i.e. the negative of 
the heat evolved in reaction 1 at infinite 
dilution, by combining the data on heats 
of neutralization and those on heats of 
dilution, the author has evaluated changes 
of volume on formation of water from its 
ions at constant temperature. On the 
other hand, the author has shown that 
the volume change on formation of one 
mole of water from its ions at moderate 
concentrations is represented by a linear 
function of the square root uf the concen- 
tration of ions, by using the Masson-Geff- 
cken relationship’’®’ on the apparent molar 
volume of electrolytes in solution. The 
relationship so obtained has been checked 
with the calculated data. The agreement 
of the results has been found very 
satisfactory. 

In the present paper the author has 
utilized the data on changes of volume 
on neutralization recently obtained by the 
present author’’, and also the data of 
Saslawsky et al.*:” 


Calculation and Results 


In considering the volume changes on 
neutralization of various acids and bases, 
the author will deal with both uni- 
univalent strong electrolytes. 

The reaction between a strong acid and 
a strong base at finite and equal concentra- 
tions, C mol./l., is given by 


HB + MOH ~— MB+H.0 (2) 


4) I. Uhara, J. Chem. Soc. Japan, Pure Chem. Sec 
(Nippon Kagaku Zasshi), 57, 53 (1936). 

5) F. D. Rossini, Bur. Standards J. Research, 6, 847 
(1931) 

6) D. O. Masson, Phil. Mag., 8, 218 (1929). 

7) A. Tsujioka, This Bulletin, 32, 685 (1959). 

8) J. J. Saslawsky and E. G. Standel, Z. anorg. u 
allgem. Chem., 186, 171 (1930). 
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This reaction represents the formation of 
one mole of water from its ions at the 
initial concentration C, and also the dilu- 
tion of one mole each of M* and B°~ ions 
from C to C’, by which the concentration 
in moles per liter of the resulting salt 
solution is denoted. 

The volume change for the process is 


AVy = 4Ve+dVp (3) 


where J4Vx is the volume change on 
neutralization, JV; is that on formation 
of water and JV>p is that on dilution. 
The value of JV; can be obtained from 
that of 4JVx, which is directly measurable, 
if the corresponding -value of JVp is 
known. Then, it is assumed that the 
volume ‘change on dilution of one mole 
each of M* and B~ ions from C to C’ is 
equal to that on dilution of one mole of 
salt MB from C to C’. In other words, it 
is assumed that the sum of the apparent 
molar volumes of M* and B° ions, in the 
basic and acid solutions respectively, is 
equal to the apparent molar volume of 
MB in the neutral salt solution. It will 
be permissible at the range of concentra- 
tion here studied, because it would be 
rightly considered that the difference 
between B~ ion-—-H* ion interaction and 
B~ ion-—-M* ion interaction is small and 
can be ignored at low or moderate con- 
centrations. Again, a similar assumption is 
made not only regarding M* ion, but also 
regarding H* and OH ions, respectively. 

Thus, values of the volume change on 
formation of water from its ions at 
various concentrations at 20°C have been 
computed from those of the volume change, 
obtained by the present author”, on neu- 
tralization of a hydrochloric acid with a 
sodium hydroxide solution of equal con- 
centration. In computing these values 


TABLE I. CHANGES OF VOLUME ON FORMATION 
OF WATER FROM ITS IONS AT 20°C” 
Vol. Concn. Vol. Vol. 


Initial change on of the change on change on 
concn. neutrali- resulting dilution formation 


zation soln. (C-a*) of water 

/ AVN a* AVp AV: 
mol./1 ml./mol % ml./mol ml./mol 

1 20.04 2.841 0.58 20.62 

2 18.16 5.530 1.00 19.16 

3 16.91 8.093 1.20 18.16 

4 15.87 10.544 1.45 17.32 

5 14.97 12.895 1.63 16.60 


a) Calculated from values of the volume 
change, obtained by the present author”, on 
neutralization of hydrochloric acid with 
sodium hydroxide solution. 


——EE 
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given in Table I, the author has taken 
AV>p as equivalent to the difference between 
the apparent molar volume of sodium 
chloride in the aqueous solution, of which 
the concentration is similar to the one of 
the acid or the basic solution, and that in 
the resulting solution, because both the 
density of the solution to be diluted and 
that of the resulting salt solution have 
been known’. 


TABLE II. VALUES OF 4Vp¢ CALCULATED FROM 
SASLAWSKY’S DATA*® AT 20°C 


(1) Calculated from values of 4Vx on reaction: 


HCl + NaOH = NaCl+H,0. 
Vol. Concn. Vol. Vol. 
Initial change on of the change on change on 
concen. neutrali- resulting dilution formation 
zation soln. (C »C*) of water 
3 AVn i AVp AV; 
mol./! ml./mol ml./mo! ml./mol ml./mo! 
1 19.6 0.495 0.7 20.3 
2 18.0 0.982 1.0 19.0 
3 16.7 1.463 2 17.9 
4 15.9 1.938 1.4 7.9 
5 15.0 2.409 1.6 16.6 
(2) Calculated from values of 4Vy on reaction: 
HBr + NaOH = NaBr + H20. 
Cc 4MVn c* AVp AV; 
1 20.0 0.495 0.6 20.6 
2 18.5 0.982 0.9 19.4 
3 17.5 1.462 a 18.6 
4 16.7 1.935 2 17.9 
5 15.9 2.405 1.4 17.3 
(3) Calculated ‘from values of 4Vx on reaction: 
HI+ NaOH = NalI+H:;0. 
C dV c* AVp dV; 
1 19.4 0.495 0.5 19.9 
2 18.4 0.982 0.7 19.1 
3 17.9 1.461 0. 18.8 
4 fT .4 1.934 1.0 18.1 
5 16.0 2.404 14 17.1 


Then, in Table II are shown values of 
AV;, which have been calculated from 
the data, obtained by Saslawsky et al.*:”, 
on changes of volume on three different 
series of reactions. In this calculation, 
the author has evaluated the concentration 
of the resulting salt solution from the 
value of J4Vx, and computed the corre- 
sponding value of 4Vp by the Masson- 
Geffcken relationship on the apparent 
molar volume of electrolyte*. Because 
the apparent molar volumes of these salts, 


9) A. Tsujioka, J. Chem. Soc. Japan, Pure Chem. Se 
(Nippon Kagaku Zasshi), 80, 467 (1959) 
The limiting slopes are S «nach =2.32, Scxap 2.04 


1.54 (cf. Ref. 10) 


and S.Nat 
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i. e. sodium chloride, bromide and iodide, 
confirm satisfactorily this relationship 
over the range of concentration here 
treated'®:'». 

In Tables I and II-1, the agreement of 
the results has been found very satis- 
factory. It is just as predicted from the 
fact that each of the values of volume 
change on neutralization obtained by the 
present author is in good agreement with 
the corresponding one by Saslawsky et al.” 
Furthermore, each of the values of JV, 
shown in Tables II 2 and II-3 is in 
tolerable agreement with the correspond- 
ing one given in Table I or II-1, without an 
error greater than one or two per cent. 


Discussion 


The volume change per mole on reaction 

2 is given by” 
dVx 

where @ is the apparent molar volume of 
the solute. The subscripts refer to salt, 
water, acid and base, respectively, and 
the asterisk indicates that the salt con- 
centration is C* mol./l. As has been fully 
discussed in the previous section, this 
reaction represents the formation of one 


DF + De + De ~D (4) 


. mole of water from its ions at the initial 


concentration, and also the dilution of one 
mole each of M* and B~ ions from the 
initial concentration C to the final one C’. 
Therefore, the changes of volume for 
these two processes are represented by 
means of the following equations, respec- 
tively. 


AV; Dy — (Dy + Dou) (5) 
AVp = OF —(Dy, + Dg) 
Py (6) 


where ®,, Mo, Oy and Mg are the apparent 
molar volumes of H*, OH~, M* and B~ ions 
at the initial concentration, respectively. 

Substitution of Eqs. 4—6 into Eq. 3 gives 
the following equation. 


D;; 7 Dow MD, D, , (7) 
If the apparent molar volumes of these 
three electrolytes confirm the Masson- 
Geffcken relationship, ® @°:SVC, Eq. 
7 can be reduced to 


Du t+Don = (024+ OF —OS) + (Sat Si -SJVC 
(8) 

10) A. Tsujioka, Proc. Faculty Eng., Keio Umv., 10, 63 

(1957). 

11) H. S. Harned and B. B. Owen, “The Physical 

Chemistry of Electrolytic Solutions’’, 2nd Ed., Reinhold 


Publishing Co., New York (1959), p. 257. 
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where ®° is the apparent molar volume 
of a solute at infinite dilution, and S is 
the limiting slope. Again it is the same 
as in Eq. 4 that the subscripts refer to 
acid, base and salt, respectively. 

It has been found valid for most elec- 
trolytes that the Masson-Geffcken relation- 
ship holds over a wide range of concentra- 
tion except on high dilution’'”. For 
aqueous solutions of some acids or lithium 
salts, however, the apparent molar volumes 
of the solutes show an unusual dependence 
on the concentration, especially at high 
concentrations'’:''’. Hydrogen iodide which 
has been treated in the present paper is 
one of these electrolytes, but its deviation 
from the Masson-Geffcken relationship 
would be rightly considered to be negligi- 
bly small at moderate concentrations'”’. 

At high dilution, on the other hand, the 
apparent molar volumes of strong electro- 
lytes in solution confirm the limiting law 
derived from the Debye-Hitckel theory’: 
That is, the apparent molar volumes, 9, 
of strong electrolytes in solution at high 
dilution are represented by the following 
equation. 


®=@°+S,VC+kC (9) 


where @ is the apparent molar yolume of 
a solute at infinite dilution, S, is the 
universal limiting slope which is 1.86 at 
25°C for 1—1 electrolyte'’’, and k is con- 
stant and specific for each electrolyte. If 
the apparent molar volumes of acid, base 
and salt confirm Eq. 9**, Eq. 7 can be 
reduced to 


Dy Dow (D2. DF DS) 
+ S,1 es (k, k k yc (10) 


where the subscripts refer to acid, base 
and salt. Therefore, the sum of the 
apparent molar volumes of H* and OH 
ions confirm the limiting Debye-Htckel 
law at high dilution as same as the 1 1 
strong electrolytes. 


12) A. F. Scott, J. Phys. Chem., 35, 2315 (1931). 


13) J. Bigeleisen, J. Phys. & Colloid Chem., 51, 1369 
(1947) 
14) K. Fajans and O. Johnson, Tra: Electrochen 
Soc., 82, 273 (1942). 
15) B. B. Owen and S. R. Brinkley, Anu. N. Y Acaa 
Sci., 51, 753 (1949). 
16) O. Redlich and J. Bigeleisen, Chem. Revs., 30, 171 
(1942). 

The limiting law of the molar volume has not been 
experimentally confirmed for sodium hydroxide. But 


the limiting slope appears to be the same for NaOH, 
HCl, NaC! and for other electrolytes of the 1—1 charge 
type. Because there is no reason to assume any anomaly 
in NaOH, in view of the theoretical derivation of Eq. 9 
17) O. Redlich and J. Bigeleisen, /. Am. Chem. Soc., 64, 
758 (1942). 
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Now, by using the values of the para- 
meters*** of Masson-Geffcken equations for 
sodium chloride, hydrogen chloride and 
sodium hydroxide, Eq. 8 can be reduced 
to 


D+ Dou 5.47+3.10V C (11) 


Using Eq. 5, therefore, one obtains the 
following equation: 

IV, 23.52 —3.10V C (12) 
where JV; is the volume change in ml./ 
mol. which occurs on reaction 1, and C is 
the concentration in mol./l. of hydrogen 
and hydroxyl ions. This equation can be 
applied to moderate concentrations, i.e. 
1~5 mol./1., at 20°C. Again, the numerical 
term in Eq. 12 does not refer to the value 
of volume change on formation of water 
from its ions at infinite dilution. 

In Figs. 1 and 2, values of JV; shown 
in Tables I and II, as well as those cal- 
culated by Eq. 12, have been plotted 
against the square root of the concentra- 
tion. The agreement of the results has 
been found very satisfactory in Fig. 1. 
In Fig. 2, values of JV; computed from 
values of the volume change on neutrali- 
zation of hydroiodic acid with sodium 
hydroxide solution are considerably dif- 
ferent from the corresponding ones com- 
puted from the data in other cases. 

The apparent molar volume of hydrogen 
iodide, at concentrations above 1.5N, 
deviate from the values predicted by the 
Masson-Geffcken relationship’. This be- 
havior was attributed to incomplete ioni- 
zation by Fajans'*, while to ion-ion and 








L — A... = 4 —. 


0.8 1.0 12 1.4 1.6 





YC 
Fig. 1. Volume changes on formation of 
water, given in Table I, plotted against 
the square root of the concentration. 
( , calculated by Eq. 12). 


Pixacy ~15.824+2.32VC: Paicn  17.804+0.87/C; 
DiNaOWy = —7.45+4.55/C (cf. Ref. 7). 
18) K. Fajans. J. Chem. Phys., 9, 281 (1941) 
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ion-solvent interactions by Bigeleisen'*?. 
But it appears to leave much room for 
discussions’. Nevertheless, it would be 


rightly considered that the less satisfactory 
linearity of HI, shown in Fig. 2, is due to 
a reason similar to the one to which its 
deviation from the Masson-Geffcken rule 
must be ascribed. 








Fig. 2, Concentration dependence of JVr, 
given in Table II. 
( , calculated by Eq. 12; , HCi 
NaOH; @, HBr+NaOH; ©, HI-— NaOH) 


Thus, by using the results obtained in 
the present work, it is readily possible to 
predict changes of volume on neutraliza- 
tion of a strong acid with a strong base. 
The difference among values of the volume 
change, obtained in different series of 
reactions between acids and bases at the 


19) H. E. Wirth and F. N. Collier, J. Am. 


72, 5292 (1950) 


Chem. Soc., 


The Volume Change on Formation of Water from its Ions 


ded 
4d 


same conditions, is mainly due to that 
among the corresponding ones of JV>p. 
Values of JVp are generally negative, so 
the expansion in total volume on neutrali- 
zation gets smaller as the numerical value 
of 4Vp gets larger. The diminution in 
total volume on dilution (JVp) is propor- 
tional to the limiting slope of the salt'” 
(cf. Eq. 6). Therefore, the larger the 
limiting slope for a salt, the smaller the 
expansion in volume on neutralization is. 
The correctness of this prediction has 
been found very satisfactory in Table II*. 


Summary 


Values of the changes of volume on 
formation of water from the hydrogen 
and hydroxyl ions in aqueous solutions, 
at various concentrations at 20°C, have 
been calculated, by combining the data 
of volume change on neutralization of a 
strong acid with a strong base and those 
on dilution of electrolyte solutions. 
Furthermore, the dependence of the volume 
change on the concentration has been 
derived and checked with the calculated 
data. The volme change on formation of 


water from its ions at moderate concentra- 


tions at 20°C is given by the equation: 
AV; =23.52—3.10V C ml. per mole, where 
C is the concentration of ions in mol./1. 

Thus, the author has made it easy to 
analyze the volume changes on neutraliza- 
tions of various acids and bases. 


The Chemical Laboratory 
Keio University 
Hiyoshi, Yokohama 
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Studies on the High Pressure Reaction of Carbon Monoxide. I. 
On the Reactions of Schiff Bases and Azocompounds 
with Synthetic Gas 


By Shunsuke MuRAHASHI and Shigeki HoriiE* 


(Received July 3, 1959) 


From considerations of the chemical 
formula, it might be conceivable that if 
an addition of carbon monoxide to the 
double bond of Schiff base could occur, 
there are possibilities of synthesizing a- 
amino acid on hydrolysis of the addition 
products with water or peptide with a 
restricted quantity of water, as indicated 
below : 

RCH=NH+CO 

RCH-NH - >» RCH-NH,; 


a-amino acid 
C-O COOH 


» polypeptide 


The following work was undertaken in 
the light of such a consideration. 

It is well known that the reduction of 
nitrile proceeds to amine via éte inter- 
mediate of Schiff base, and that cobalt 
carbonyl is able to catalyze oxo-reaction, 
and furthermore it also catalyzes hydro- 
genation of aldehyde to alcohol in the 
presence of carbon monoxide and hydro- 
gen. 

On such an account the authors at- 
tempted to prove the possibility of obtain- 
ing amino acid or polypeptide directly 
from nitriles. 

H co 
RC=N » RCH-NH » RCH--COOH 
H.O 
NH, 


At the time when the authors started the 
work, chemical reaction of nitriles under 
an oxo-condition had not been explored 
and so benzonitrile and benzylcyanide 
were subjected to the present examination. 
The experiments resulted only in giving 
a small quantity of amines (mixtures of 
primary and secondary ones) and it 
revealed that reduction of nitrile would 
be very difficult to be realized and no 
reaction product was obtained in which 
carbon monoxide had _ been _ involved. 
Therefore, the authors have turned the 


* Present address: Institute of Scientific and Industrial 
Research, Osaka Univ., Sakai, Osaka. 


subject to the Schiff base itseif and studied 
to see whether the reaction in this case 
would take place, giving a-amino acid or 
peptide as was postulated above. 

The general conditions adopted for the 
experiments are as follows: Catalyst, 
cobaltcarbonyl ; Solvent, benzene or ben- 
zene-alcohol (1:1); Gas, CO+H)> (1:1), 200 
atm.; Reaction temperature, 120~130°C. 

The results with Schiff bases were 
shown in Table I which shows conclusive- 
ly that a reduction of C=N double bond 
had occured and no reactions were found 
in which carbon monoxide has participated. 

The reduction proceeded very smoothly 
and did not present any marked difference 
even when the reactions were carried out 
at varied conditions, i.e. pressure, tem- 
perature and reaction time. As to the 
effect of reaction medium it was found, 
that the reaction was faster and began at 
a somewhat (10~20°C) lower temperature 
when alcohol-benzene mixture (1:1) was 
used instead of aromatic hydrocarbons. 

Benzaldehyde phenylhydrazone did not 
give any definite result with synthetic 
gas. The authors, then, studied the 
reaction of synthetic gas on double bond 
having nitrogen atom, such as the N=O 
and N=N-group as well as C=S double 
bond. 

Nitrobenzene and azobenzene was al- 
lowed to react with carbon monoxide and 
was ascertained to give aniline as a 
principal product. Hydrazobenzene was 
also subjected to this reaction for reference 
and it was confirmed that aniline was 
again the principal product. In all cases 
the authors found the formation of a 
considerable quantity of diphenylurea, as 
shown in Table II. 

Thus, it has been confirmed that the 
four kinds of bond, C=N, N=N, C=S 
and N=O were all reduced by synthetic 
gas in the presence of cobalt carbonyl 
catalyst. The formation of urea deriva- 
tives observed in all cases except for 
the compound involving C=S linkage is 
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TABLE I. REACTION OF SYNTHETIC GAS WITH BENZALDEHYDEANILS 


Reaction 


Anil Solvent temp., °C 
CsH;N=CHC.H; B 135 
CsH;N=CHC,H; AB 120 
p-Cl1CsH,N=CHCgH; B 150 
p-C1CsH,N=CHCgH; AB 130 
p-MeCeHyN=CHCeH; B 140 
p-MeCgHsN=CHCgH; AB 120 
p-MeOC,H,N=CHCeH; B 130 
p-MeOC,H,N=CHCeH; AB 120 
p-NO2.CgsHsN=CHCeH; B 130 
p-NO2CsHyN=CHCg.H; AB 120 


Catalyst, [Co(CO),]2, 0.03 millimol./ml.; 
(1:1); Gas, CO(100 atm.) +H2(100 atm.). 


a. Product Yield, % 
110 Cs.H;NHCH2Ce.H; 80 
60 CsH;NHCH2CeH; 79 
70 p-CICsHsNHCH2CeH, 79 
130 p-CICsHsNHCH2CeH; 81 
90 p-MeCgHsNHCH:2CeH; 82 
60 p-MeCgHsNHCH2CeH; 80 
60 p-MeOC,Hs,NHCH:2CeH; 83 
50 p-MeOC;,H,s,NHCH:2CeH; 82 
80 p-NO2CsHs,NHCH2CeoH; 80 
70 p-NO2.CsHs;NHCH2CeH; 78 


Solvent, B=benzene, AB=alcohol-benzene 


TABLE II. FORMATION OF DIPHENYLUREAS BY THE REACTION OF AZOBENZENES 
AND NITROBENZENE WITH SYNTHETIC GAS 


CsH;NHCONHCgH; 


oO 
7) 


C;H;NO2 5~ 6 
CsH;N=NCeH; 15~20 
CsH;NH-NHCgH; 25~30 
p-C1IC,HsN=NCcH; trace 
p-MeC,gHyN=NCeHs trace 


R-CsHs,NHCONHCcH; R-CsHs,NHCONHC;H,-R 


Oo Oo 


_ 
wo ol 
vy 


Reaction conditions are the same in Table I. 


noteworthy, because it demonstrates, that 
some new kind of CO-reaction has occur- 
red, and especially the fact that a forma- 
tion of symmetrically substituted urea 
derivatives were observed from asym- 
metrically substituted azo-compounds was 
of special note. 

As the reaction appeared to be a new 
one, the authors planned further experi- 
ments so as to obtain more detailed in- 
formation about the high pressure reaction 
of carbon monoxide. 

Hydrazobenzene gave 50% yield of azo- 
benzene under the similar condition, at 
the reaction temperature which was lower 
than that required for the reduction (80 
~90°C). From this experiment it could 
be postulated that urea could have formed 
from hydrazobenzene via azobenzene. 
However, the yields of diphenylurea were in 
all cases higher when hydrazobenzene was 
used instead of azobenzene. In the case 
of nitrobenzene, the formation of urea 
derivative was also observed and its 
formation could be interpreted by the 
intermediate formation of either hydrazo- 
benzene or azobenzene. 

In order to discuss the possible mecha- 
nism for the formation of urea derivative, 


1) W. Reppe, Ann., 582, 40 (1953). 


‘one has to consider either 1) fission of 


hydrazo linkage followed by addition of 
CO, or 2) that the azo group remains 
without cleavage until CO is added across 
the double bond and then the ~-N-N- bond 
is subjected to fission by hydrogenolysis 
as will be shown below (Eq. 2). Eq. 1 
was suggested earlier by W. Reppe” as a 
possible mechanism of the oxo-reaction 
and the carboxylation of olefins. Ac- 
cordingly one might propose Eq. 2 for 
the urea formation. 


co 
RCH=CH; » RCH-CH; > 


Cc 
O 
RCH CH; or RCH:;CH,.CHO (1) 
CHO 
co . 
RN=NR' + RN-NR' —» RNHCONHR' (2) 


C 
O 


Since azobenzene is reduced for the most 
part to aniline, it would be an acceptable 
argument that the formation of urea 
could have resulted from the reaction of 








80 Shunsuke MURAHASHI and Shigeki HORIIE 


aniline and carbon monoxide. Pino” dis- 
cussed the possibility of formation of 
urea derivatives from two moles of aniline 
and one mole of carbon monoxide under 
a dehydrating condition, and Buckley” 
reported the formation of formylaniline 
by the reaction of aniline and carbon 
monoxide. 

However, all the authors’ tests with 
aniline and with formylaniline failed to 
show that the urea-formation is the result 
of the reaction of aniline and carbon 
monoxide. 

An alternate mechanism would presum- 
ably be a fission of the azo-compound by 
means of carbon monoxide and hydrogen, 
leading to the primary formation of 
phenylisocyanate and aniline. However, 
the authors failed to isolate such an 
intermediate to prove this mechanism. 

As another possibility, hydrazobenzene 
might well be accounted for the reaction. 
In this regard the authors will discuss it 
in later papers. 


Experimental 


1) Reduction of Benzaldehydeanil with Syn- 
thetic Gas. Benzaldehydeanil (5g.) was. dis- 
solved in 50ml. of benzene or benzene-alcohol 
mixture (1:1) and charged in an autoclave of 
100 ml. content made of 18-8 stainless steel 
together with cobalt carbonyl (1.0g.). After 
replacement of air, the synthetic gas was com- 
pressed up to 200 atm. (CO, 100 atm. and Hb, 
100 atm.). The autoclave was heated at 120~ 
130 C, when the pressure began to descend, and 
after completion of gas absorption it was allowed 
to cool. The content of the autoclave was 
heated in a flask on a water bath and after 
decomposition of the cobalt catalyst and filtration 
the filtrate was distilled in vaccuo, affording 4g. 
of benzylaniline, m. p. 38°C, which was identified 
by the mixed melting point test with an authen- 
tic sample. 

The essential feature of the experimental 
procedures are all the same as described above, 
and thus p-chloro, p-methyl-, p-methoxy- and p- 
nitro-benzaldehydeanil were subjected to exami- 


2) P. Pino and C. Paleari, Gazz. Chim. Ital., 81, 646 
(1951); Chem, Abstr., 46, 7063 (1952) 

3) G. D. Buckley and N. H. Ray., J. Chem. Soc., 1949 
1151. 
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nation. The results are given in Table I. The 
melting points and the boiling points all agree 
with the values described in the literatures. p- 
Nitrocompound was reduced under the present 
condition selectively at the anil double bond and 
the nitro group remained unchanged. 

2) Reaction of 3-Phenyl-2-thioxopropionic Acid 
and Carbon Monoxide.—-3-Pheny]1-2-thioxopropionic 
acid (3g.) in benzene (50ml.) was allowed to 
react with carbon monoxide and hydrogen of 
200 atm. in the presence of cobalt catalyst (1 g.) 
at 120~130°C for 2hr. No gas absorption was 
observed, but after cooling and degassing, it was 
found that hydrogen sulfide gas had formed. 
A definite product could not be isolated except 
2-phenylpropionic acid amide melting at 102°C. 

3) Formation of Diphenylurea as a By-product 
in the Reaction of Azobenzene and Synthetic Gas. 
Azobenzene (5g.) yielded 1.1g. of diphenylurea 
(20% yield) in a form of a difficultly soluble 
product, which was recrystallized from alcohol. 

4) Urea Derivatives from p-Chloroazobenzene. 

p-Chloroazobenzene (5g.) was treated as in 
exp. 1 and from the reaction product 0.6 g. (1270) 
of a mixture of urea compounds was obtained, 
and was separated into two parts: p, p'-dichloro- 
diphenylurea as the difficultly soluble part in 
alcohol in colorless prisms, m.p. 286°C (with 
decomposition), and as the soluble part p-chloro- 
diphenylurea in scaly crystals, m. p. 244°C. 

Anal. Found: C, 56.66; H, 3.70; Cl, 25.20; N, 
10.36. Caled. for Ci3HipCleN2O: C, 56.93; H, 3.64; 
Cl, 25.26; N, 10.21%. 

Anal. Found: C, 64.06; H, 4.64; Cl, 14.32; N, 
11.55. Caled. for C,3H;,;CIN2O: C, 64.19; H, 4.52; 
Cl, 14.40; N, 11.52%. 

5) Urea Derivatives from p-Methylazobenzene. 

p-Methylazobenzene (5g.) was treated as in 
exp. 4 and from the filtrate of the reaction mix- 
ture a mixture (1.2g., 22%.) of urea was sepa- 
rated. From a difficultly soluble portion /,/p’- 
dimethylphenylurea (0.3g.) was obtained in 
colorless needles, m.p. 262°C and from the 
soluble portion p-dimethyldiphenylurea (0.7 g., 
12°,) was obtained, and further a small quantity 
of unsubstituted diphenylurea was obtained from 
the last portion of the soluble residue. 

Anal. Found: C, 74.81; H, 6.70; N, 11.78. Calcd. 
for C,;H;gN2O: C, 75.00; H, 6.66; N, 11.66%. 

Anal. Found: C, 74.15; H, 6.20; N, 12.51. Caled. 
for CisHiN20: C, 74.33; H, 6.19; N, 12.38%. 


Department of Chemistry 
Faculty of Science 
Osaka University 
Nakanoshima, Osaka 
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Studies on the High Pressure Reaction of Carbon Monoxide. II. 
Synthesis of Phthalimidine 


By Shunsuke MurAHASHI, Shigeki HormE** and Takashi Jo** 


(Received July 3, 1959) 


In Part I the reaction of Schiff bases 
and azobenzene derivatives with synthetic 
gas was described and it was found that 
in the case of azobenzene, no insignificant 
amount of diphenylurea had been formed 
besides aniline which was the main 
product. 

With the object of obtaining more in- 
formation on the cause of diphenylurea- 
formation as well as on the knowledge of 
reactivity of carbon monoxide with -N-=N- 
bond, the authors studied the reaction 
with carbon monoxide alone instead of 
with synthetic gas as reported in Part I. 
There, it was found that new reactions 
took place which afforded phthalimi- 
dines when Schiff bases were subjected to 
the reaction with carbon monoxide under 
the cobalt catalyst, and quinazolones 
when azocompounds were used. The 
present paper describes the synthesis of 
phthalimidine. 

When benzaldehydeanil was dissolved 
in an aromatic hydrocarbon such as 
benzene or toluene and heated under 
carbon monoxide pressure of 100 to 200 
atm. at 200~230°C in the presence of cobalt 
catalyst, it afforded white scaly crystals, 
m. p. 200°C. 

The result of the analysis of these 
crystals indicated that it had an experi- 
mental formula (C,,H;,ON), indicating that 
1 mol. of carbon monoxide had entered 
into every 1 mol. of benzaldehydeanil. 

It appeared at the outset to have 
achieved the synthesis of amino acid in the 
form of anhydride and to have obtained 
tetraphenyldiketopiperazine of the follow- 
ing formula: 


Ph Ph 


HC—N 
O=C C=O 
N—CH 
Ph Ph 
Reported briefly in a previous communication: 
S. Murahashi, S. Horiie, J. Am. Chem. Soc., 77, 6403 
(1955) 
** Present address: Institute of Scientific and Industrial 


Research, Osaka Univ., Sakai, Osaka. 


But a detailed study of this substance 
soon revealed that it was the derivative 
of phthalimidine (Il) and was probably 
synthesized according to the following 
scheme: 


a: ~_CH: 
co ‘= /\¢ 
O 


(1) (II) 


Compound II gave on hydrolysis an acid 
(III) which are so unstable on standing as 
to return to the original compound. In 
order to get a stable product, compound II 
was hydrolyzed with alkali and then the 
hydrolyzate was esterified directly with 
dimethylsulfate without acidification. 


Although the ester of III was separated 


as an oil, it also returned to its original 
compound II very easily. 


CO — 4~ CHS -CH 
I N- If NH~ ! NH 
“CO _ : COOCH COOH 


\ IV (1 


These behaviors did not correspond to 
the one of diketopiperazine. 

The formation of phthalic anhydride by 
oxidation with potassium permanganate and 
the formation of N-phenylphthalimide by 
sodium bichromate-oxidation demonstrated 
eventually that compound II was a phthali- 
midine derivative as illustrated above. 

A conclusive evidence was established 
by comparison with the authentic sample 
prepared by other means. 

Thus a novel reaction was found, in 
which CO-attack had taken place on both 
the benzene rings and on the N-atom with 
simultaneous ring formation. In order to 
establish the necessary conditions for the 
achievement of this reaction, several runs 
were carried out and the results were 
shown in Table I. The essential features 
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TABLE I. REACTION BETWEEN BENZALDEHYDEANIL WITH CO 
“es ° ag >g c pe 
— _ Catalyst Solvent Secnnaie — — —" 
atm. C hr. . 
1 5 C,H 200 220~230 6 
2 5 [Co(CO) 4]. Z Z 4 Z 4. 
3 3 Co-acetylacetonate 4 288 ad M4 1.2 
i Z Co-ethylacetoacetate 7 278 4 y LF 
9 3 CoCO, 4 180 4 6 2.0 
6 5 Fe(CO),; 4 140 4 ” 0.5 
7 3 Ni(CO), 4 330 n 4” 
8 5 [Co(CO),]. 4 200 4 6 4.1 
g 5 ” . G Y “4 ” 3.9 
10 3 G 4 155 ? 3 2.0 
11 3 G G 84 4 1 2.0 
12 3 4 4 45 4 3 0.5 
13 5 ” H 200 ? 6 
O 
14 5 G EtOH 4 G 4 
15 5 Ni(CO), H | 330 1d 4 
O 
16 5 [Co(CQ),]» C,Hs, HzO 1lcce 185 4” 6 
17 5 G C,H, HeO 0.5cc 160 4 * 
18 5 4 CeHe 200 (0.01%O2) 4 ? 4.1 
19 5 ” ” 200 (0.15%O2) ” ? i 
20 & 4 “s 200 G 5 trace 


Concen. of Catalyst: 0.03 millimol./cc. 
a) Benzaldehydeanil: 0.028 mol. 

b) [Co(CO),s]2: 0.0015 mol. 

c) [Co(CO),}]2: 0.0045 mol. 


of the results are as follows: 

a) No reaction without the catalyst 
(Expt. No. 1). b) Cobalt compound such 
as dicobalt octacarbonyl, iron  penta- 
carbonyl] (less active), metallic cobalt, and 
cobalt salt or complex and so on, which 
have the potentiality of forming metal 
carbonyl, would be effective in promoting 
the reaction (Expts. No. 2-5). c) Nickel 
carbonyl is ineffective (Expt. No. 7). d) 
As a solvent, aromatic hydrocarbons are 
appropriate and protonic solvents inhibit 
the reaction (Expts. No. 13-17). e) Tem- 
perature of about 200°C is necessary and 
appropriate temperature of reaction lies 
in the range of 220~230°C (Expts. No. 
10-12). f) Since the change of carbon 
monoxide pressure in the range of 30~300 
atm. did not show any appreciable effect 
on the reaction, the necessary pressure 
seems to be that which suffices to maintain 
the concentration of cobalt carbonyl at 
the reaction temperature (Expts. No. 10 
12). g) Since cobalt carbonyl is decomposed 
by contact with oxygen, it was inevitably 
needed to exclude oxygen (Expts. No. 18 
19). h) The effect of the inner wall of an 
autoclave generally was not noticed except 
at the beginning of its use, when sometimes 


an irregular behavior was observed. 

As this reaction is expected to give 
useful intermediates for dyestuffs and 
synthetic chemical reagents, the reactions 
between carbon monoxide and varieties of 
Schiff bases having various substituents 
were examined, as shown in Table II. 

In both the cases of benzaldehydeanils 
with substituents (H, OMe, OH, Cl) in the 
p-position of aniline nucleus and those 
with substituents (OH, Me.N) in the p- 
position of benzaldehyde side, all gave 
phthalimidines in good yields by the 
reaction with carbon monoxide, and no 
appreciable effect of the substituents was 
observed (Expts. No. 1-4 and 6-7). o- 
Methoxybenzaldehydeanil gave the ex- 
pected phthalimidine though in a com- 
paratively low yield. (Expt. No. 8). 

In the case of salicylaldehydeanil, a 
stable red-colored complex containing 
cobalt was formed, and therefore, cobalt 
compound used as the catalyst did not 
promote the reaction but appeared only 
to have been converted to the stable 
complex compound II with salicylalde- 
hydeanil (Expt. No. 9). 

m-Methoxybenzaldehydeanil yielded a 
low yield of phthalimidine. The expected 
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Expt. 
No. 


“I 


10 


16 
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TABLE II. REACTION BETWEEN SCHIFF BASES AND CO 


Starting material Yield m. 
Product 
Schiff base g. g. o Author 
A . CH, . 
CH=N 5 __ YN 1.1 71.9 164 
CO 
: - CH2, ™ 
CH=N OMe 5 CO N OMe 1.8 85.7 138 
. be CH, : 
CH=N -OH 2 i N OH i i 64.9 225 
CO 
‘ : . CH: ; 
CH=N Cl 5 7 N Cl 4.2 75.0 182 
CO 
: CH: ; 
CH-=N NO, 5 N NO.* 
CO 
- CH: : as 
Me.N CH=N 5 N * 4.6 82.1 154 
Me.N CO 
A : CH: ; 
HO CH=N 5 N - 4.4 pg ee 216 
HO CO 
OMe OMe 
CH-N 5 CH. * 1.0 17.8 146 
co” 
OH oO O 
CH-N 5 CH cH 0.3 191 
N N 
NO, 
CH=N 4 
MeO 
re MeO. “\-CH2. | 
CH=N 5 "SN * 0.3 5.3 146 
CO 
Sepia as a Cis, 4 7 
CH=N-CH; 5 : N-CH: 4.7 82.4 9] 
CO 
; _ . Cie. 2 a 
CH=N-CH3 5 5 N-CH, 3.0 18.6 115 
CO 
CH=N-OH 5 I Lew 26.0 128 
) co NH, > 
CH CH 
CH ; ‘i 
C=N 5 : N 3.5 61.4 82 
CO 
Ph Ph 
CH 
C=" 3 N 3.2 96.9 196.5 
CO 
2 CHa * 2.1 96.0 177 
CH=N co”? 
. J CH 
CH-N 4 vor * 1.5 80.0** 254 
CO 
CH.-CH=N 9 = 
5 


CH=CH-CH=N 


* New compounds. 
** Yield based on anil consumed. 


Liter. 


163 


134 


228 


180 


191 


91 


120 


128 


80 
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products could be either VI or VII. Since 
the product was oxidized with sodium 
bichromate in acetic acid to yield 4- 
methoxyphthalic acid anilide (VIII), it 
was identified as a new compound, JN- 
phenyl-5-methoxyphthalimidine (VI) (Expt. 
No. 11). 


OMe 
_* - 
»>-CH=N-<¢ > 
=/ = 
OMe 
\ /CHe . \ /CHe. — 
N-< > | YN-< 
f* 4 
co’ -_ /~CO “il _— 
(VI) OMe (VIT) 
OMe 
\ CO 
»>N . 
f/f CO” ond 
(VIII) 


The ring closure is expected to take 
place at these asterisk positions. 
Schiff base derived from aliphatic amine 
and benzaldehyde also gave the phthali- 


midine by the reaction with carban 
monoxide (Expts. No. 12 and 13). 
~ /CH=N-R \ /CHe. 
| | —> | | >N-R 
y/ CO" 


R: CH; and PhCH, 


Benzaldoxime did not give phthalimidine, 
but gave benzamide. This fact suggests 
that a part of cobalt carbonyl had been 
converted to cobalt hydrocarbonyl! in the 
reaction condition and since this is a 
strong acid*** it might have promoted the 
Beckmann rearrangement. 


~ \-CH=N-OH => <_\-cONH: 


In the case of Schiff base having a nitro 
group, either on the side of aniline or on the 
benzaldehyde nucleus, the reaction became 
very complicated, yielding a deep violet 
infusible solid**** instead of the expected 
nitrophthalimidine (Expts. No. 5 and 10). 
As the model experiment on nitrobenzene 


*** Since this rearrangement by cobalt carbonyl or 


more probably cobalt hydrocarbonyl was considered to 
be a new fact, the same method was attempted to apply 
to aliphatic oximes. However, aliphatic oximes were 
merely reduced and by cyclohexanone oxime, gave 
dicyclohexylurea besides an amino compouond. 

**** It is apparent that the reducing power of carbon 
monoxide led to the formation of azo-linkage (G. D. 


Buckley, N. H. Ray; J. Chem. Soc., 1949, 1154) or of 
diphenylurea linkage (S. Horiie, unpublished) by the 
reduction of the nitro group. Reactions as these might 


be responsible for the reaction between carbon monoxide 
and the nitrocompound leading to the formation of an 
insoluble, infusible and deep violet substance. 
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(see Experimental) shows, the reaction 
was complicated owing to the presence of 
the nitro group, but the presence of 
phthalimidine grouping in the product 
was demonstrated by the occurrence of 
phthalic acid among the oxidation prod- 
ucts. 

Schiff bases, obtained from ketone such 
as acetophenone and benzophenone and 
aniline, reacted smoothly with carbon 
monoxide, yielding the expected phthali- 
midines (Expts. No. 15 and 16). 


R 

R : ~ CH a 

c-n-~¢ §S ~~ f jf Yn-¢ YS 
- CO’ = 


R: Me and Ph 


Naphthaldehydeanils yielded the cor- 
responding derivatives of phthalimidine 
in good yields. As 1-naphthaldehydeanil 
can be expected to ring-close with carbon 
monoxide at a 2- or 8-position, either one 
or a mixture of two (IX), (X) will be 
formed as the product. The product 
obtained, however, was not a mixture but 
a pure substance, and was converted to 
N-phenylnaphthalimide (m. p. 165°C) by 
oxidation with sodium bichromate in acetic 
acid. N-Phenyl-1, 8-naphthalimide (XI) 
synthesized from _ 1,8-naphthalendicar- 
boxylic acid and aniline, which has the 
melting point of 202°C, does not coincide 
with the oxidation product. Therefore, 
the phthalimidine obtained here would be 
IX and the oxidized product XII. Thus, 
the ring closure takes place at the 2-posi- 
tion to yield 2-phenylbenz [e] isoindolin-l-on 
(VI), 


N- > 
ee w% = 
CH=N-< CO CH 
— | | ¢) 
si Nn 
CH.-N-< CO CO 
nS i ‘ (XI) 
‘CO (IX) | | m.’p. 202°C 
OH OH 
CO-N CO CO 
CO (xi) , 
WWF m.p. 165°C ‘ 
Although the chemical structure of 


compound IX has not yet been fully 
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ascertained by a direct comparison with 
the synthesized sample, its identity is 
considered to be well confirmed by the 
comparison with XV, and this will be 
described below. 

Since, in the case of 2-naphthaldehyde- 
anil, the ring closure takes place at the 
l- or 3-position of naphthalene nucleus, 
the expected product is either XIII of 
XIV. Only one kind of reaction product 
was also obtained here and, through the 
oxidation by sodium bichromate, it gave 
a N-phenylnaphthalimide, which coincided 
with N-pheny]-2, 3-naphthalimide (V), syn- 
thesized from 2, 3-naphthalene dicarboxylic 
acid and aniline. Therefore, the reaction 
product obtained with 2-naphthaldehyde- 
anil was proved to be 2-phenylbenz[/]- 
isoindolin-l-on (XIV), which occurred as 
the result of the ring closure at the 
3-position. 


Fi CH N-< : 
4 5. 
CO-N 
J» Adie m= CH, 

co 7% = 
| (XIV) (XIID) 
co COOH 

>N > < 
CO” COOH 


(XV) mp. 278°C 


This ring closure by carbon monoxide 
at the 3-position of the naphthalene 
derivatives is a very peculiar case and of 
interest in comparison with che fact that 
the ring closure usually occurs at the 1- 
position of 2-substituted naphthalene 
derivatives. 

Starting from phenylacetaldehydeanil 
and cinnamaldehydeanil, the reaction 
should analogously be expected to lead to 
the formation of 6- and 7-membered rings, 
respectively, but the experiments were 
carried out in vain. This would suggest 
that the reaction with carbon monoxide 
seems to be characteristic of the azo- 
methine group, conjugated with the aroma- 
tic ring and is limited to the formation of 
a 5-membered ring. 


CH, CH 
ye CH2.CcH 
N > es 
— - c N- 
O 
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Experimental 


1) Reaction between Benzaldehydeanil and 
Carbon Monoxide.—Five grams of benzaldehyde- 
anil was dissolved in 50ml. of benzene, and 
placed in an autoclave of 100 ml. content together 
with a catalytic amount of cobalt carbonyl solu- 
tion (concn., 0.03 millimol./ml.) and carbon 
monoxide was pressed after replacement of air 
up to 100~200 atm., then the autoclave was 
heated at 220~230°C for 5~6 hr. with constant 
shaking. After cooling, the excess of carbon 
monoxide was purged and a greater part of N- 
phenylphthalimidine, which is produced, emitted 
as crystalline needles or scales and were collected 
on a filter and washed with a small amount of 
benzene, the crystal (4.1g., 72% of theoretical) 
is almost pure, m. p. 163°C. 

Anal. Found: C, 80.26; H, 5.47; N, 6.92. 
Calcd. for C)4,H:,ON: C, 80.38; H, 5.26; N, 6.70%. 

2) Hydrolysis of N-Phenylphthalimidine and 
Alkylation of the Hydrolyzed Product.—-One gram 
of N-phenylphthalimidine was boiled with an 
alcoholic solution of potassium hydroxide (2¢. of 
potassium hydroxide in 20ml. of alcohol-water 


* (1:1) solu ion) and after 3 hr. the alcohol was 


distilled off and the remaining water solution was 
devided into two parts. 

When one part of the solution 
slightly acidic with dilute 
oil was separated out, 


had been made 
hydrochloric acid, the 
which then crystallized 
This crystal (0.45g.) was proved 
to be identical with N-phenylphthalimidine. 
When the other portion of the solution was 
methylated with 0.6g. of dimethylsulfate, an oil 
which gradually changed into crystalls, and which 
was identified as N-phenylphthalimidine, m. p. 
162-C oozed out. 
3) Oxidation of Phthalimidine with Bichromate. 
The oxidation carried out referred to the work 
of Maxwell and Allen”. Thus, N-phenylphthali- 
midine (0.5g.) was dissolved in anhydrous acetic 


after a while. 


(30 ml.) acid under stirring and warming at 90 C. 
Sodium bichromate in fine powder was charged 
slowly until no more color change was observed. 
After half an hour when the mixture was poured 
into water, a white crystalline precipitate, which 
was recrystallized from alcolol, in colorless 
m.p. 205°C separated out. The 
mixed melting point test with an authentic sample 
proved to be identical with N-phenylphthalimide. 

4) N-Phenylphthalimidine. -- N-Phenylphthali- 
mide, which is obtained by fusion of aniline and 
phthalic anhydride was reduced with Zn-dust 
according to the method of Graebe”~ in an acetic 
acid solution at 80~90°C. 


needles (0.2g.), 


1) C. S. Maxwell and X. F. Allen, ‘“‘Organic Syn 
Vol. 24, John Wiley & Sons, Inc., New York 
(1944), p. 1. 

2) C. Graebe, Ann., 247, 288 (1888) 


theses ”’ 
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After reduction, the solution was poured into 
a large amount of water, and the white crystals 
separated. The crystals, after recrystallization 
from alcohol, were found to be identical with the 
sample obtained from benzaldehydeanil, m. p. 
163°C. 

5) Synthesis of N-(p-Methoxypheny]) phthali- 
midine. —N-Benzyl-p-methoxyaniline (5g.) was 
caused to react with carbon monoxide in the 
same manner as in the previous paper (Expt. 
Part 1) in Paper II). After being cooled, the 
reaction mixture was filtered to yield 4.8g. of 
the colorless scaly crystals, m. p. 137~138°C (from 
methanol). A literature reported the m. p. of 
135°C 

inal. Found: N, 5.79. Caled. for C,;;H;;0.N: 
N, 5.85%. 

This crystals (1g.) suspended in 50ml. of 1N 
sodium hydroxide and oxidized with potassium 
permanganate, yielded 0.2g. of phthalic acid 
which was identified by the mixed melting point 
test with the authentic sample. 

6) Synthesis of N-(p-Hydroxypheny]) phthali- 
midine.—The colorless crystals (3.7 g.) were 
obtained in needles in a similar manner starting 
from benzal-p-hydroxyaniline (5g.). The product 
was recrystallized from alcohol, m. p. 224~245 C. 

Anal. Found: C, 74.65; H, 4.92; N, 6.22. 
Calcd. for Cy,sH;,;O2.N: C, 74.56; H, 5.12; N, 6.42%. 

The crystals (1g.) were oxidized to phthalic 
acid (0.2g.) by alkaline potassium permanganate. 

7) Synthesis of N-(p-Chloropheny]) phthali- 
midine.--Benzal-p-chloroaniline (5g.) gave in a 
similar manner 4.2g. of colorless scaly crystals, 
which was recrystallized from alcohol, m. p. 181~ 
182°C. 

inal. Found: C, 69.14; H, 4.11; N, 5.19. 
Caled. for CyHpONCI: C, 69.40; N, 4.44; N, 
2.99%. 

The crystals (1g.) were oxidized to phthalic 
acid (0.25 g.). 

8) Reaction of Carbon Monoxide with Benzal- 
p-nitroaniline.—-In a similar manner, there was 
obtained an amorphous deep purple substance, 
which was insoluble in organic and inorganic 
solvents and was_ infusible. The fact that 
oxidation of this substance by potassium per- 
manganate yielded a minor amount of phthalic acid 
seems to show that the general reaction between 
benzal-p-nitroaniline and carbon monoxide has 
taken place to some extent. 

9) Synthesis of N-Phenyl-6-dimethylamino- 
phthalimidine.—p-Dimethylaminobenzaldehydeanil 
(5g.) gave 4.6g. of colorless needles, which were 
recrystallized from alcohol, m. p. 154°C. 

Anal. Found: C, 76.00; H, 6.13; N, 11.30. 
Caled. for CyHyON2: C, 76.16; H, 6.39; N, 
11.10%. 

10) Synthesis of N-Phenyl-6-hydroxyphthali- 
midine. —- p-Hydroxybenzaldehydeanil (5g.) also 
gave 4.4g. of colorless needles, which were then 
recrystallized from alcohol, m. p. 215~216 C. 

inal. Found: C, 74.65; H, 4.88; N, 6.45 


3) A. T. Peters, G. T. Pringle and F. M. Rowe, / 
Chem. Soc., 1948, 597 
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Calcd. for C:sH,;,;O2.N: C, 74.65; H, 4.92; N, 6.22%. 

11) Synthesis of N-Phenyl-4-methoxyphthali- 
midine. The reaction mixture from o-methoxy- 
benzaldehydeanil (5g.) and carbon monoxide, 
after distillation of benzene and after being kept 
for several days, gave 1g. of brownish black 
crystals, which were then recrystallized from 
alcohol several times into colorless needles, m. p. 
145~146°C. 

Anal. Found: C, 75.70; H, 5.36; N, 5.96. 
Caled. for Cy;H:3;0.N: C, 75.30; H, 5.48; N, 5.8625. 

12) Formation of 3-Methoxyphthalic Acid Anil. 

Onto a boiling mixture of N-phenyl-4-methoxy- 
phthalimidine (0.4g.) and glacial acetic acid (10 
ml.), sodium bichromate was added portionwise 
until the color of bichromate ion no longer dis- 
appeared, and then the whole mixture was poured 
onto water. White crystals were filtered off, 
washed with water and recrystallized from alcohol 
into colorless scaly crystals (0.2g.), m.p. 188~ 
189 C, which agreed weil with m.p. of a liter- 
ature®. 

Anal. Found: C, 71.00; H, 4.4: 
Calcd. for C;;H,;0O;N: C, 71.14; H, 4.37 , 

13) Formation of Salicylaldehydeanil-cobalt 
Complex. —- Salicylaldehydeanil (5g.) gave in a 
similar manner, after removal of benzene and 
addition of a small amount of alcohol, 2.1 g. of 





red crystals, which were recrystallized from 
alcohol, m. p. 190~191°C. The existence of 
cobalt was ascertained qualitatively by the borax 
bead test. 
Anal. Found: C, 68.55; H, 4.73. Caled. for 
(C13H;;ON)2Co: C, 68.72; H, 4.84%. 
Identification of this compound was carried out 





by the mixed melting point test with the sample, 
which was synthesized in the following way: a 
mixed solution of salicylaldehydeanil (1g.) in 
benzene and cobalt carbonyl (1.5g.), after being 
kept at room temperature for 3 days, was refluxed 
in a water bath to decompose the remaining 
carbonyl and then filtered. After removal of 
benzene from the filtrate, the remaining brown 
oil was kept standing with the addition of a 
small amount of alcohol to yield red crystals, m. 
p. 190~191 C. This compound showed the same 
melting point as the’one which has been obtained 
from salicylaldehydeanil and cobalt acetate (m. p. 
191 -C) 

14) Reaction between o-Nitrobenzaldehydeanil 
and Carbon Monoxide.--o-Nitrobenzaldehydeanil 
yielded an amorphous deep purple substance just 
like the one of benzal-p-nitroaniline. 

15) Reaction between Nitrobenzene and Carbon 
Monoxide.---The reaction mixture of nitrobenzene 
(40 g.) and cobalt carbonyl (0.5g.) was subjected 
to steam distillation, yielding 15g. of apparently 
amorphous and deep purple solid as_ residue, 
which was insoluble and infusible. An extraction 
of the solid with alcohol for a prolonged time 


gave 1.2g. of diphenylurea. 


4) W.H. Benteley, R. Robinson and C. Weizmanr 
ibid., 1907, 111 

9) Endo, J. Chem. Soc. Japan, Pure Chem. Sec \ 
pon Kagaku Zasshi), 65, 428 (1944 
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16) Synthesis of N-Phenyl-5-methoxyphthali- 
midine.—The reaction mixture of m-methoxy- 
benzaldehydeanil (5g.) and carbon monoxide was 
refluxed to effect the decomposition of the 
catalyst, filtered, and evaporated to a brownish 
oil, which crystallized after standing in a vacuum 
dessicator (0.3g.). Repeated recrystallizations 
from alcohol gave colorless needles, m.p. 145~ 
146°C. 

Anal. Found: C, 75.10; H, 5.68. Calcd. for 
C,;H;,0.N: C, 75.30; H, 5.48; N, 5.86%. 

m-Methoxybenzaldehydeanil (2.4g.) was. re- 
covered by distillation of the mother liquor at a 
reduced pressure. 

17) Formation of 4-Methoxyphthalic Acid 
Anilide.— N-Pheny]-5-methoxyphtalimidine (0.2 g.) 
in glacial acetic acid (4ml.) was refluxed with 
sodium bichromate (2¢g.), and the whole mixture 
was poured into-water, resulting in the formation 
of white crystals. After washing with water, the 
crystals were recrystallized from alcohol into 
colorless needles (0.1 g.), m. p. 177~178°C, which 
agreed well with the reported melting point of 
4-methoxyphthalic acid anilide (179 C)®. The 
crystals showed a depression of melting point 
with 3-methoxyphthalic acid anilide, and so it was 
identified as 4-methoxyphthalic acid anilide. 

Anal. Found: C, 71.32; H, 4.65. Caled. for 
Ci;H;,03N: C, 71.14; H, 4.37%. 

18) Synthesis of N-Benzylphthalimidine. 
Starting from benzalbenzylamine (5g.), crystal- 
line .\-benzylphthalimidine (4.7 g.) was obtained 
in a similar manner, m.p. 90~91°C (from 
alcohol), which agreed well with Gabriel's value 
(m. p. 90~91°C)”. 

Anal. Found: C, 80.40; H, 5.49; N, 6.22. 
Calcd. for C;;H;;ON: C, 80.69; H, 5.87: N, 6.27%. 

Oxidation of the crystals (0.5g.) by potassium 
permanganate gave phthalic acid (0.2¢g.), which 
was identified by the mixed melting point test 
with the known sample. 

19) Synthesis of N-Methylphthalimidine. 
Benzalmethylamine (5g.) was reacted with carbon 
monoxide in a usual manner, giving N-methyl- 
phthalimidine (3.0g.), which was recrystallized 
from alchohol in colorless cubic crystals, m. p. 
114~115-C. 

Anal. Found: C, 73.15; H, 6.36; N, 9.97. Caled. 
for CsH,ON: C, 73.45; H, 6.16; N, 9.52%. 

The crystals (0.5 g.) were oxidized by potassium 
permanganate to phthalic acid (0.1 g.), which was 
identified by the mixed melting point test with 
the known sample. 

20) Reaction between Benza!doxime and Carbon 
Monoxide.— Benzaldoxime (5g.) gave 1.3g. of 
colorless needles by the reaction with carbon 
monoxide, m. p. 127~128-C (from chloroform). 
The analytical data showed zw good agreement 
with the composition of the original benzaldoxime, 
indicating that an additional reaction with carbon 
monoxide had not taken place. The crystal was 
considered as benzamide from the fact that its 
melting point does agree with that of benzamide 


6) W. H. Bentley and C. Weizmann, J. Chem. Soc., 91, 


) S. Gabriel, Ber., 45, 724 (1912) 
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and that it afforded benzoic acid by hydrolysis. 
Identification was carried out by the mixed 
melting point test with a known sample of 
benzamide. 

Anal. Found: C, 69.07; H, 6.01; N, 14.01. 
Caled. for C;H;ON: C, 69.40; H, 5.83; N, 11.56%. 

21) Synthesis of N-Phenyl-3-methylphthali- 
midine.—Acetophenoneanil (5g.) was reacted 
with carbon monoxide in a usual manner and, 
after removal of catalyst and benzene, the residue 
was extracted with hot petroleum ether. On 
cooling the extract, there were obtained crystals, 
which were recrystallized from petroleum ether 
into colorless needles (315g.), m. p. 81~82°C. 

Anal. Found: C, 81.10; H, 5.97; N, 6.21. Calcd. 
for C,;H,;;0ON: C, 80.69; H, 5.87; N, 6.272%. 

A literature reported the same melting point 
(80-C)®. 

22) Synthesis of N-Phenyl-3-phenylphthali- 
midine.—-Benzophenoneanil (5g.) gave, after the 
treatment similar to Expt. 17, 2.2 g. of the product 
in colorless needles (from petroleum ether), m. p. 
195~196.5°C. 

Anal. Found: C, 84.20; H, 5.20; N, 4.98. Calcd. 
for C2H,;,;ON: C, 84.18; H, 5.30; N, 4.91%. 

23) Synthesis of 2-Phenylbenz|e]isoindolin-1- 
on.—1-Naphthaldehydeanil (2.0g.) gave, in the 
usual way, a crystalline product (2.1g.), m.p. 
177-C (from alcohol). 

Anal. Found: C, 83.68; H, 4.98; N, 5.65. Caicd. 
for CisH,;;0N: C, 83.38; H, 5.01; N, 5.40%. 

24) Oxidation of 2-Phenylbenz([e]isoindolin-1- 


-on. The crystals (0.5g.) were dissolved in 30 


ml. of boiling glacial acetic acid and sodium 
bichromate was added gradually until the color 
of bichromate ion no longer disappeared. After 
cooling, the reaction mixture was poured into 
water, giving white crystals, which was then 
washed with water and_ recrystallized from 
alcohol into colorless needles (0.3 g.), m. p. 165°C. 

Since these crystals showed a marked depres- 
sion of the melting point when mixed with J- 
phenyl-1, 8-naphthalimide (m. p. 202°C), which 
was synthesized from the known sample of 1,8 
naphthalenedicaboxylic acid and aniline, the 
product was confirmed to be different from the 
latter compound. 

25) Synthesis of 2-Phenylbenz(f |isoindolin-1- 
on. — From the reaction mixture of 2-naphthalde 
hydeanil (4.0g.) and carbon monoxide there 
separated crystals which were recrystallized from 
alcohol into scaly crystals (1.5g.), m.p. 254 °C. 

Anal. Found: C, 83.55; H, 5.05; N, 5.28. Calcd. 
for CysH;:;30N: C, 83.38; H, 5.01; N, 5.40%. 

The unreacted 2-naphthaldehydeanil (2.2 g.) 
was recovered from the filtrate after removal of 
catalyst and benzene. 

26) Oxidation of 2-Phenylbenz[f |isoindolin-1! 
on. — The crystal (0.5g.) was dissolved in 30 ml. 
of boiling glacial acetic acid, and sodium bichro- 
mate added in portions until the color of bichro- 
mate ion no longer disappeared. After cooling 
the reaction mixture was poured into a large 
quantity of water, yielding white crystals, which 


8) A. Peters, F. M. Rowe and C. I. Brodrick, / 
Chem. Soc., 1948, 1259 
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was then washed with water and recrystallized 
from alcohol into colorless needles (0.2 g.), m.p. 
278°C. Identification was carried out by the 
mixed melting point test with a known sample 
of N-phenyl-2, 3-naphthalimide. 

Anal. Found: C, 78.90; H, 4.29; N, 5.28. Calcd. 
for Cy3H,;,O2.N: C, 79.12; H, 4.03; N, 5.12%. 

27) Synthesis of N-Pheny|]-2, 3-naphthalimide.— 
Naphthalene-2, 3-dicarboxylic acid anhydride (0.5 
g.), which was obtained by sublimation of 
naphthalene-2, 3-dicarboxylic acid at 240°C, was 
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mixed with aniline (0.25 g.) and heated in a water 
bath®. The product was recrystallized from 
alcohol into colorless needles (0.6 g.), m. p. 278°C. 
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9) M. Freund and K. Fleischer, Ann., 402, 51 (1914) 


Studies on the High Pressure Reaction of Carbon Monoxide. ITI. 
Reaction between Azocompounds and Carbon Monoxide* 


By Shigeki Horwe** and Shunsuke MuRAHASHI 


(Received July 3, 1959) 


As was reported in Part I of this series, 
reaction of synthetic gas with Schiff base 
and with azobenzene principally results 
in reduction of ‘‘C-N”’ and ‘‘ N-N”’ link- 
age. In the case of azobenzene, however, 
the principale product aniline was accom- 
panied with a considerable amount of 
diphenylurea, indicating that azobenzene 
had reacted in some way with carbon 
monoxide in the presence of cobalt car- 
bonyl’’. During the study of the mechanism 
of diphenylurea-formation, the authors 
found another new reaction of carbon 
monoxide, that is, azobenzene gave inda- 
zolone and quinazolone by the reaction 
with carbon monoxide. 


[Co(CO),] 
Ph-CH-=N-Ph » Ph-CH.:NH-PH 
H>, Co 
[Co(CO),} 
Ph-N=N-Ph » Ph-NH2, Ph-NHCONH-Ph 
H., CO 
N [Co(CO)s]2 Z\/ NH, 
N-Ph > C=O 
CO, 230°C i 
AC N-Ph 
CO, 170~190°C | [Co(CO);] O (II) 
v 
A 
NH [Co(CO),] 
N-Ph 
Cc CO, 230°C 
o 


The authors wish to report in this 
paper on the formation of indazolone and 


Reported briefly in a previous communication: S. 
Murahashi and S. Horiie, J. Am. Chem. Soc., 78, 4416 (1956). 
Present address: Institute of Scientific and Industrial 
Research, Osaka Univ., Sakai, Osaka 
1) S. Murahashi and S. Horiie, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 79, 68 (1958) 


quinazolone by the new reaction. 

Azobenzene and 100~200 atmospheric 
pressures of carbon monoxide were heated 
at 220~230°C in the presence of cobalt 
carbonyl in aromatic hydrocarbon solvents 
such as benzene and xylene, resulting in 
the formation of 3-pheny]-2, 4-dioxo-l, 2, 3, 4- 
tetrahydroquinazoline (II) (69.2%) (for 
which, the authors later on will use an 
abridged expression, quinazolone or quin- 
azolones in general). When the reaction 
was carried out at the temperature range 
of 170~190°C, 49.1% of 2-phenylindazolone 
(I) was obtained. 

2-Phenylindazolone thus obtained was 
reacted again with carbon monoxide 
according to the condition used for the 
formation of quinazolone (230°C), vielding 
a high yield of quinazolone (II) (81.8%). 
Hence 2-phenylindazolone (I), is considered 
as an intermediate product in the forma- 
tion of quinazolone (II) from azobenzene. 

Since the formation of 2-phenylindazolone 
from azobenzene and carbon monoxide was 
expected from the analogy of formation 
of phthalimidine from benzaldehydeanil 
and carbon monoxide, product I was syn- 
thesized from another route that is, an 
azo compound was synthesized by the 
condensation of anthranilic acid amide and 
nitrosobenzene, hydrogenated to hydrazo- 
compound, and then deaminated to 2- 
phenylindazolone and identified***. 


The author synthesized 2-phenylindazolone starting 
from anthranilic acid amide according to the method of 
\uwers and Huttenes 

2) K. V. Auwers and K. Huttenes, Ber.. 55, 2680 (1922) 
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Identification of 3-pheny]-2, 4-dioxo-1, 2, 3,- 
4-tetrahydroquinazoline (II) was carried 
out in the series of reactions which 
follows: compound II was dissolved in 10% 
aqueous solution of sodium hydroxie, and 
was hydrolyzed by boiling the solution for 
2~3hr. to yield anthranilic acid (III) 
almost quantitatively. Alcoholic potassium 
hydroxide decomposed compound II to o- 
carboxydiphenylurea (IV), which coincided 
with the known sample obtained from 
anthranilic acid and phenylisocyanate. 
Moreover, compound IV was converted to 
quinazolone (II) either by fusion of IV or 
by saturating the alcoholic solution of IV 
with dry hydrogen chloride. 





NH, 
COOH (Ill) 
a 
10°. NaOH 
NH... : Sond 
C=-0 2tOH,K \ NH : 
EtOH. KOH AN, CO-NH{ 
c N-< its: »EtOH, HC] \/“-COOR : 
O (ID) (IV) 
a a~ 
NH2 — J~/NH: OCN 
jl H,NCONHZ Yj |] " 
/ COOH =/ \/SCOOR 
(R: H, C2H;) 


Compound II was definitely identified as 
3-pheny1-2, 4-dioxo-l, 2, 3, 4-tetrahydroquina- 
zoline by comparing with the authentic 
sample that was synthesized from authra- 
nilic acid and phenylurea”. 

It was found that this new reaction was 
of value for the synthesis of large varieties 
of quinazolone derivatives to be elucidated 
later. 

A survey of literatures reveals that the 
synthetic study of 2-phenylindazolone was 
meager and the yields were usualy rather 
low. Although at present our method does 
not allow high yield of indazolone selec- 
tively, being always accompanied with 
quinazolone and diphenylurea, the method 
is yet promising for the synthesis of in- 
dazolones. 

Details of the scope of the reactions 


3) F. Kunckell, Ber., 43, 1234 (1910) 
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with varieties of azobenzene derivatives 
is described below. Generally, the reaction 
did not take place in the absence of 
catalysts. The effective catalysts are iron 
carbonyl, cobalt carbonyl, or cobalt com- 
pound, such as metallic cobalt, cobalt 
soap, and organic cobalt complex that can 
be converted into cobalt carbonyl under 
the reaction condition. Nickel carbonyl 
did not promote the reaction****. The 
solvents are preferably aromatic hydro- 
carbons, such as benzene, toluene, and 
xylene. The presence of polar substances 
such as water and alcohol inhibits the 
reaction”. The reaction temperature is 
preferably in the range of 220~230°C. 
Below 200°C the proportion of indazolone, 
which is the intermediate to quinazolone, 
was pre dominant. Initial charge of carbon 
monoxide pressure of 100 atmospheric 
pressures is sufficient for the reaction. As 
oxygen decomposes the catalyst, it needs 
to be excluded from the system. 

Since quinazolone(II])affords by hydroly- 
sis anthranilic acids in a good yield, 
the reaction leads to a new and important 
preparative route of anthranilic acid. 

As another by-product in this reaction 
besides diphenylurea, lactone of 2-(3- 
hydroxyindazol-2-yl)-benzoic acid (V)”, 
and a neutral crystalline substance that 
has the melting point of 165°C, were 
obtained. The structure of the latter 
substance is now under study. 


A 


O=C C= | (V) 
oO 


Next, the authors took up the problem 
of viewing the scope and the extent of 
this reaction. For this purpose azoben- 
zenes and various kinds of compounds, 
which seem to be related, were subjected 
to the reaction. Table II shows the results 
on the formation of indazolones from 
substituted azobenzenes RN-=NR’, and 
Table III shows the results of quinazolone- 


formation. As will be seen from the 

The content of the study was presented at the 
Meeting of YUkigOsei-kyokai, November, 1955. In th 
following year 1956, Prichard and others published a 
patent (U.S. Pat. 2,769,003), in which they claimed 
that the reaction of azobenzene with nickel carbony] 
yielded mainly lactone of 2-(3-hydroxyindazole-2-y]) 
benzoic acid being accompanied with small amount of 
quinazolone and diphenylurea 


1) The effects of various solvents on the reaction 
vill be published in detail in the next paper 

5) The lactone (V) was proved to be identical to the 
one that was obtained from azobenzene and _ nicke 
carbonyl] according to the process of Prichard and others 
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TABLE SYNTHESIS OF QUINAZOLONE* 
Expt. ilies oe Initial Temp. Time Quinazolone Diphenylurea 
No. iil - * atm. . hr. a ———— 
g. g. 5 
1 0 CH, 150 230 3 0 0 0 0 
2 Ni(CO), 3 C.H, 150 230 3 0 0 0 0 
3. Fe(CO) 3 CeHe 180 240 4 0.8 12.3 0.1 4 
4 [Co(CO),]. 2 CeHe 150 230 0.5 4.5 69.2 0.7 12.1 
) Co(IT) (C,;.H3;O2) 2** 2 CoH, 160 230 y 1.9 29.2 1.4 24.2 
6 Co(II) (C,;H;O,) .*** 1 CeHe 150 240 2 1.5 23.1 0.8 13.8 
7 [Co(CO),4]» 1 C.H;OH 150 230 3 0 0 0 0 
8 [{Co(CO), 1 H.O 160 230 3 0 0 0 0 
g {Co(CO),]. 1 CyH, 150 190**** 4 0.8 57.5 0.65 16.0 
10 [Co(CO), 1 C.H, 100 230 $ 3.0 16.1 0.5 8.6 
* Azobenzene, 5g., Solvent, 50 ml., 18:8 Stainless autoclave of 100 ml. capacity. 
** Co/(II)-stearate. 
*** Co(II)-acetylacetonate. 
**** The main product was 2-phenylindazolone (2.8 ¢g., 49.1%). 
TABLE II. FORMATION OF INDAZOLONES FROM AZO-COMPOUND AND CO 
R-N=N-R' Yield 
Indazolones ee ae m. p. °C 
R R' g. ¢ 
NH 
N 2.8 19.1 204 
CO 
NH 
Me N se 25.2 252 
Me CO 
NH 
Cl N i 23.8 233 
Cl CO 
NH 
N Me N £5 80.0 217 
Me.N CO 
\zo-compound, 5g.; [Co(CO),]., 0.05 m mol/cc.; CO 150 atm.; solvent, benzene; reaction 
temperature, 180~190 C; reaction time, 2hr.; reaction vessel, a 100ml. rocking auto 
clave made of 18:8 stainless steel. 
tables, the reaction can be applied to NH NH ¢_o 
various derivatives of azobenzenes. It is N -Pl 
interesting to note here that when one of C c N-PI 
the benzene ring has a substituent of O O 
electron-repelling character, the ring si : ? , 
. o To obtain a further information of the 


closure always occurs on the side of the 
nucleous having the substituent and where 
the substituent is electron-attracting the 
reaction does not take place. This fact 
suggests strongly that electronegativity of 
the nitrogen atom, which seems to be the 
site for the primary act of catalyst, is 
deeply influenced by these substituents. 
The formation of 3-phenyl-2, 4-dioxo-l, 2- 
3, 4-tetrahydroquinazoline from indazolone 
is a new reaction, where a five membered 
ring was enlarged to a six-membered ring 
under the incorporation of a carbon 
monoxide molecule. This reaction appears 
to be formally quite similar to the forma- 
tion of diphenylurea from hydrazobenzene. 


reaction the authors studied several ring 
compounds with a 5-membered ring under 
the same condition described as above. 
Indazol’’, indazolone’’, 2-phenyl-benzoxa- 
zol and 2-phenyl-benzimidazole’? were 
tested for this purpose. But none of them 
was found to be feasible for the ring 
enlargement. 

A pyridine and a quinoline derivative, 
VI and VII”, which are closely related to 


6) E. F. M. Stephenson, ‘* Organic Syntheses", Vol 
29, John Wiley & Sons, Inc., New York (1949), p. 54 

7) L. C. Galatis, J. Am. Chem. Soc., 70, 1967 (1948) 

8) D. Jerchel et al., Ann. 575, 162 (1952) 

9) H. K. S. Raw and T.S. Wheeler., J. Chem. Suc 


1938, 478; P et al., Hel Chim. Acta, 27, 64 


(1944) 


Ruggli 


ad 


nee 
eee 


inuary, 1960] 


TABLE III. 
R'-N=N-R 
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FORMATION OF QUINAZOLONES FROM AZO-COMPOUNDS AND CO. 


Yield 


Quinazolone a 
2 c 


Me 


Me 


Cl 


NMe, 
Me,N 


Me 


Me 


CN 


Me d »>-Me 
Me 


Cl 


OMe OMe 
MeO 


\zo-compound, 5g.; |Co(CO),]2, 0.05m mol. 
temperature, 220~230 C; 
made of 18:8 stainless steel. 


\ small amount of 


benzaldehydeanils were studied also under 
the similar condition. 


N’*CH N’\CH 
CH CH 
VI) (VII) 


reactions took place with 
an uptake of carbon monoxide, but the 
reaction products thus obtained were 
colored deep violet-red and unstable solid 
and could not be crystallized into definite 
products. 

In all 


In both cases, 


cases quinazolone derivatives 


reaction time, 3 hr. 


NH\co 
4.2 64.6 275 
CO 
NH 
ye 35.9 296 
CO 
NH 
2.7 42.8 292 
co 
NH 
CO 
NH co 
CO 
? trace 
NH co 
CO 
NH CO 
CO 
NH co 
OMe 
co 


cc.; CO, 150 atm.; solvent, benzene; reaction 


; reaction vessel, a 100ml. rocking autoclave 


dinaphthylurea was formed 


good yield, anthranilic 
(see Experimental) 


obtained gave, in 
acid derivatives. 


On the By-product of the Reaction 


As an example shows the following reac 
tion products were obtained by the reaction 
where benzene was used as the reaction 
medium. 


Quinazolone 64.1 
Diphenylurea 17.2% 
Lactone 3.1% 
Neutral substance a small quanity 
Aniline 4 
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The formation of diphenylurea is signifi- 
cant, and so it would be necessary to 
learn the cause of its formation and to 
minimize its formation so as to obtain a 
complete information on the reaction and 
to improve the yield of quinazolone. From 
the result of the experiments it was 
shown that the formation of diphenylurea 
could not be observed in the decomposition 
reaction of quinazolone, and so was the 
quinazolone formation from diphenylurea 
and carbon monoxide. Hence it may be 
concluded that these two reaction products 
originate from different reaction courses. 

In order to account for the formation 
of diphenylurea from azobenzene, it is 
necessary for azobenzene to get one mole 
of hydrogen from somewhere, since the 
reactions are carried out with carbon 
monoxide alone in an anhydrous condition, 
none of the hydrogen atoms were available 
except from solvent molecules. 

According to the gaschromatographic 
analysis of carbon monoxide used, the 
hydrogen in the gas was found to be 0.1% 
or less, and this quantity was proved to 
be too low to balance the urea-formation. 
Therefore, it was considered that solvent 
molecules are responsible for hydrogen 
supply. As an approach to this question 
various solvents were tested, including 
cyclohexane, w-hexane, dioxane, ether, 
acetonitrile, ethylalcohol, benzene, and 
naphthalene. Among these, cyclohexane 
found to produce diphenylurea in much 
abundance as campared to benzene and 
the same is also held in a comparison of 
n-hexane and benzene. 

In both of the cases the quantity of 
urea and also the proportion of urea to 
quinazolone were increased. These seem 
to show that the solvent had contributed 
to the formation of urea by giving up its 
hydrogen necessary for the formation of 
urea. 

As was described earlier in Part I of 
this series, the formation of urea was 
easier by hydrazobenzene than by azo- 
benzene. From this and other facts in 
early parts of this paper, the authors 
tentatively propose the possible formation 
of urea derivatives as to proceed accord- 
ing to the following scheme: 


Hydrogentransfer 


N=N > NH-NH 
, Co-catalyst 
Solvent 
(Hydrogen donor) 
: co ; 
> -NH > | NH 
CO 
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'-NH 

/~-NHCONH-( 

"4 \F 

The presence of this lactone [2-(3-hydro- 


oxyindazol-2-yl) benzoic acid lactone] was 
easily confirmed through its hydrolysis 


sail —> | 


and fomation of 2-(o-carboxyphenyl) 
indazolone. Prichard’? obtained it by 


the reaction of azobenzene and carbon 
monoxide in the presence of nickel car- 
bonyl catalyst and the authors’ product 
was proved to be identical with this. 


— | NH A 

n/N Nf 
c 
0-¢ C— COOH 
O a 


As was previously stated, the formation 
of quinazolone is strongly favored in 
the presence of cobalt catalyst in benzene 
solution, and the reaction proceeded via 
indazolone derivative as the intermediate. 
The same reaction failed when nickel 
carbonyl was used in a benzene solution. 

Prichard has disclosed in his patent that 
he could observe the formation of this 
lactone as the main product and of small 
amount of quinazolone as a by-product, 
when nickel carbonyl was used as the 
catalyst in a cyclohexane solution. But, 
he did not observe anything about the 
intermediate formation of indazolone. 

From the differences of reaction condi- 
tions including solvent and of the products 
which ‘were formed, in quantity as well 
as in quality, it might be appropriate to 
conclude that the approach to quinazolone 
in the authors’ experiments was not the 
same as that of Prichard. 

It is well known that cobalt carbonyl! is 
readily convertible to hydrocarbonyl, and 
so the very nature would be responsible 
for a hydrogen-transfer reaction. On the 


other hand, it is not known that nickel 
carbonyl possesses such a behavior of 
easy conversion to hydrocarbonyl and 


such a difference of the property between 


these two catalysts would be the main 
cause of differences observed in the 
authors’ and Prichard’s’ results. The 


authors will consider in detail this point 
later. 


Experimental 


1) Synthesis of 2-Phenylindazolone by the 
Reaction of Azobenzene with Carbon Monoxide. 
A solution of azobenzene (5g.) and _ cobalt 
10) W. W. S. Pat., 


Prichard, U 2,769,003 (1956) 


January, 1960] 


carbonyl (lg.) in benzene (25ml.) was placed 
in an autoclave of 100 ml. capacity made of 18:8 
stainless steel, and carbon monoxide was charged 
in up to 150 atmospheric pressures. The autoclave 
was heated at 180~190°C for 4hr. under constant 
shaking. After being cooled, a crystalline sub- 
stance in the reaction mixture was filtered (3.0 
g.). From the filtrate, after removal of catalyst 
by refluxing on a water bath followed by filtration 
and removal of benzene, 1.5g. of azobenzene 
was recovered. The crystalline substance was 
treated with 5%, aqueous solution of sodium 
hydroxide, and filtered. The insoluble crystals 
were to be mainly of diphenylurea (0.65 g., 16%) 
containing, as contamination, some amount of 
yellow crystals, which were found to be lactone 
of 2-(3-hydroxyindazol-2-yl) benzoic acid, m.p. 
296°C. Diphenylurea was recrystallized from 
alcohol (m. p. 240°C) and identified by the mixed 
melting point test with the sample prepared by 
an alternative way. The alkaline solution was 
acidified by either carbon dioxide, hydrochloric 
acid, or sulfuric acid, and a white crystalline 
substance separated. The crystalline substance, 
after filtration, was recrystallized from alcohol, 
yielding 0.8g. of quinazolone (17.5%) as the 
insoluble part and 2.8g. of 2-phenylindazolone 
(49.122) as the soluble part. The latter were 
colorless needles, m.p. 204°C, and identified by 
the mixed melting point test with the sample 
synthesized as described below. 

Anal. Found: C, 74.03; H, 4.82; N, 13.55. Calcd. 
for C,3H;oN2O: C, 74.28; H, 4.76; N, 13.33%. 

2) Synthesis of 2-Phenylindazolone.—Anthra- 
nilic acid was converted to isatoic anhydride!”, 
which was then treated with 20% aqueous am- 
monia, and converted to anthranilic acid amide! 
and was used as the starting material of this 
synthesis. Into a solution of anthranilic acid amide 
(8.0g.) in 100ml. of acetic anhydride, freshly 
distilled nitrosobenzene’ (6.2g.) was added in 
small portions. The mixture, after being kept 
at room temperature overnight, was diluted with 
equal volume of alcohol, and refluxed. Under 
vigorous stirring zinc powder (20g.) was added 
portionwise. The red color of the solution faded 
out completely after about 1.5hr. The solution 
was filtered and poured into a large quantity 
of water. The separated crystals were filtered 
off, and recrystallized from alcohol to yield pure 
2-phenylindazolone (3.0g.), m.p. 202~204°C. 

3) Synthesis of 3-Phenyl-2,4-dioxo-1,2,3,4-tetra- 
hydroquinazoline by the Reaction of 2-Phenyl- 
indazolone with Carbon Monoxide.—A mixture of 
2-phenylindazolone (2g.), cobalt carbonyl (1.0 g.) 
and benzene (50ml.) was caused to react with 
150 atmospheric pressures of carbon monoxide at 
230°C for 2hr. The crude crystals, that were 
obtained by filtering the reaction mixture after 
cooling, was recrystallized from alcohol to yield 
18g. of pure II (81.8%). Identification was 


11) E.C. Wagner and M.F. Fegley, ‘‘Organic Syntheses”’, 
Vol. 27, John Wiley & Sons, Inc., New York (1947), p. 45. 
12) Kolbe, J. prakt. Chem., [2] 30, 475 (1884). 

13) G. H. Coleman, C. M. McCloskey and F. A. Stuart, 
“Organic Syntheses” Vol. 25, John Wiley & Sons, Inc., 
New York (1945), p. 80 


Studies on the High Pressure Reaction of Carbon Monoxide. III 93 


carried out by the melting point test with a 
known sample. 

Anal. Found: C, 70.29; H, 4.12; N, 11.66. Calcd. 
for CysHipN2O2: C, 70.58; H, 4.20; N, 11.76%. 

4) Synthesis of 3-Phenyl-2,4-dioxo-1,2,3,4-tetra- 
hydroquinazoline by the Reaction of Azobenzene 
with Carbon Monoxide.—(i) A mixture of azo- 
benzene (5.0g.), cobalt carbonyl (2.0g.) and 
benzene (45ml.) was reacted with 150 atoms- 
pheric pressures of carbon monoxide at 220~ 
230°C for 0.5hr. After cooling, a crystalline 
mass (5.2g.) in the reaction mixture was filtered 
off. The filtrate was refluxed on a water bath 
to effect the decomposition of the catalyst, and 
removed from inorganic substance by filtration. 
Yellow crystals, lactone of 2-(3-hydroxyindazol-2- 
yl) benzoic acid (0.1g.) was obtained as a com- 
paratively soluble part in benzene. The crystal- 
line mass obtained above was treated with cold 
5% aqueous solution of sodium hydroxide’. As 
the insoluble residue, diphenylurea (0.7 g., 12.1%.) 
was obtained, and white crystals precipitated 
from the alkaline solution by acidifying (pH 4.0) 
with either carbon dioxide, hydrochloric acid, or 
sulfuric acid. The crystal was recrystalized from 
alcohol in colorless needles, m.p. 275°C, which 
was identified as 3-pheny]-2, 4-dioxo-1, 2,3, 4-tetra- 
hydroquinazoline by the mixed melting point 
test with the authentic sample. 

Anal. Found: C, 70.63; H, 4.18; N, 11.90. Caled. 
for C,,H;oN2O2: C, 70.58; H, 4.20; N, 11.76%. 

(ii) A mixture of azobenzene (5.0g.), iron 
carbonyl (3.0g.) and benzene (50 ml.) was heated 
with 180 atmospheric pressures of carbon 
monoxide at 240°C for 4hr. to yield 3-phenyl- 
2, 4-dioxo-1, 2,3, 4-tetrahydroquinazoline (0.8 g., 
12.3%). 

(iii) A mixture of azobenzene (5.0g.), acetyl- 
acetone cobalt complex (1.0g.), and benzene 
(50 ml.) was heated with 150 atmospheric pres- 
sures of carbon monoxide at 240°C for 5Shr. to 
yield 3-pheny]-2, 4-dioxo-l, 2,3, 4-tetrahydroquina- 
zoline (1.9g., 29.2%). 

(iv) A mixture of azobenzene (5.0g.), cobalt 
stearate (2.0g.) and benzene (50 ml.) was reacted 
with 160 atmospheric pressures of carbon mon- 
oxide at 230°C for 2.5hr. to yield 1.9g. of 
3-pheny1-2, 4-dioxo- 1, 2,3, 4 - tetrahydroquinazoline 
(29.2%). 

5) Hydrolysis of 3-Phenyl-2, 4-dioxo-l1, 2, 3, 4- 
tetrahydroquinazoline by Sodium (or Potassium) 
Hydroxide.—A solution of quinazolone (2.0g.) in 
10ml. of 10% sodium (or potassium) hydroxide 
was refluxed. After 20min. an oil began to 
separate, and the mixture was kept boiling for 
2.5hr. After cooling, aniline was removed by 
extraction with a small amount of ether. The 
aqueous solution was neutralized to pH 4.0 by 
diluted hydrochloric acid, and then a white solid 
precipitate was formed, which was filtered off, 
washed with water, and dried to yield 0.95g. of 
gray crystalline anthranilic acid, m.p. 140°C 
(86.42.). Identification of the anthranilic was 


14) Upon being warmed, quinazolne might be hydro- 
lyzed to anthrailic acid. 
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carried out by the mixed melting point test with 
a known sample. 

The filtrate gave by the addition of copper 
acetate 0.2g. of copper anthranilate, which cor- 
responds to 0.16g. of anthranilic acid (10.1%). 

6) Hydrolysis of 3-Phenyl-2, 4-dioxo-1, 2, 3, 4- 
tetrahydroquinazoline by Alcoholic Potassium 
Hydroxide.—A _ solution of quinazolone (2g.), 
potassium hydroxide (8g.) and 96% alcohol 
(40 ml.) was refluxed for 20hr. After removal 
of alcohol, the residue was dissolved in water 
and acidified by concentrated hydrochloric acid, 
when a white solid precipitated. The solid was 
recrystallized from alcohol yielding as the in- 
soluble part the recovered quinazolone (0.4 g.) 
and as the soluble part colorless needles, o-car- 
boxydiphenylurea (0.8g., 46.592). The latter 
compound was identified by the mixed melting 
point test with a known sample prepared in the 
following manner. 

Anal. Found: C, 65.28; H, 4.70; N, 10.86. Calcd. 
for Ci4Hi2N203: C, 65.62; H, 4.68; N, 10.93%. 

7) Synthesis of o-Carboxydiphenylurea.-— A 
solution of anthranilic acid (2g.) in dry ether (10 
ml.) and a solution of phenylisocyanate (1.8 g.) 
in dry ether (10ml.) were combined under ice- 
cooling and stood at room temperature over- 
night. Crystals were filtered off and recrystal- 
lized from alcohol in colorless needles, o-car- 
boxydiphenylurea (3.4g., 9020), m.p. 187~188-C. 

Anal. Found: C, 65.60; H, 4.72; N, 10.81. Calcd. 
for Ci4Hi2N203: C, 65.62; H, 4.68; N, 10.93%. 

8) Synthesis of o-Carboethoxydiphenylurea. 
Ethyl anthranilate (2g.) was added gradually 
into phenylisocyanate (1.5g.). The reaction was 
vigorously exothermic. The mixture was heated 
on a boiling water bath for about 0.5hr. and the 
solid thus formed was recrystallized from alcohol 
in colorless needles, o-carboethoxydiphenylurea 
(3.3 g., 94.3%), m. p. 148°C. 

Anal. Found: C, 67.30; H, 5.31; N, 10.15. Caled. 
for CisH;,02N3: C, 67.60; H, 5.63; N, 9.86%. 

9) Synthesis of 3-Phenyl-2,4-dioxo-1,2,3,4-tetra- 
hydroquinazoline(Il).—-(i) o-Carboxydiphenylurea 
(1.0g.) was heated for 30 min. at 190 C which is 
slightly above its melting point. The reaction 
mass was recrystallized from alcohol in color- 
less needles, II (0.05g.), m.p. 273~275>. 

(ii) When dry hydrogen chloride was _ in- 
troduced into a solution of o-carboxydiphenylurea 
(1.0g.) in alcohol (30ml.) at room temperature 
(20-C), the temperature of the content rose up 





TABLE IV. FORMATION OF ANTHRANILIC 
ACIDS FROM QUINAZOLONES 


Yield m. p. 
R R' g. R g. % © 
H H ay 2 H cod 95.6 145 
Me H 2.0 Me 1.05 88.1 172 
Cl H 2.0 di 1.0 80.0 205 
MeO H 2.0 MeO 0.27 21.8 178 
Me Me 2.0 Me 1.1 97.3 172 
Cl Cl 20 Ci 1.05 94.5 205 


MeO MeO 2.0 MeO 0.35 28.2 178 
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to 30~40°C. Introduction of hydrogen chloride 
was continued for a while and the mixture was 
kept standing, and then colorless scaly crystals 
were formed. The crystals, after removal of 
alcohol and hydrogen chloride, were recrystallized 
from alcohol into colorless needles (0.9 g., 96.8%), 
m. p. 274~275°C. 

(iii) o-Carboethoxydiphenylurea 
heated at 200°C for 3hr. in a sealed glass tube. 
After cooling, the reaction product was solidified 
at the bottom of the tube and the unreacted 
starting material was sublimed off on the upper 
wall of the tube. The product was recrystallized 
from alcohol into colorless needles (0.03 g¢., 
18.1%), m. p. 273°C. 

(iv) A mixture of anthranilic acid (5.0 g.) and 
phenylurea (5.0g.) was heated at 200°C for 5hr. 
in a sealed glass tube. The reaction product 
was treated with 100ml. of 5% sodium hydroxide 
to remove the insoluble phenylurea. The alka- 
line solution was acidified by diluted hydrochlo- 
ric acid, precipitating white crystalline acidic 
substance which was recrystallized from alcohol 
into colorless needles (2.5g., 28.692), m. p. 274°C. 

10) Reaction of a-Styrylpyridine and Carbon 
Monoxide.—A solution of 3g. of a-styrylpyridine 
and 1g. of dicobalt octacarbonyl in 20 ml. of 
benzene was heated at 135~145-C under 130 
atmospheric pressures of carbon monoxide for 
one hour to give lg. of amorphous product. 
This product was extracted with dimethyl- 
formamide and a reddish purple-colored amor- 
phous substance melted at 200~250°C was 
obtained. 

Anal, Found: C, 68.03; H, 5.24; N, 6.59; ash, 
11.43%. 

A similar experiment with a-styrylquinoline 
has failed to obtain any definite crystalline 


(0.2g.) was 


product, but resins. 

11) Effect of Solvents.—-For the purification of 
both naphthalene and p-dichlorobenzene, they 
were recrystallized from ethyl alcohol, and the 
crystals melting at 80 and 53°C respectively were 
collected. : 

Carbon tetrachloride and n-butylacetate were 
carefully fractionated and the fractions boiling 
at 76 and 126°C respectively were collected. 
Other solvents such as w-hexane, cyclohexane, 
benzene, toluene, tetraline, dioxane, ether, tetra- 
hydrofuran, chlorobenzene, acetonitrile and ethyl- 
alcohol are, after drying over metallic sodium, 
fractionated. The fractions boiling at 69, 81, 80, 
110, 207, 102, 34, 64, 122, 81 and 78 C respective- 
ly were coliected. 

12) Reaction of Hydrazobenzene and Carbon 
Monoxide.—-A solution of 2g. of hydrazobenzene 
and lg. of dicobalt octacarbonyl in 30ml. of 
benzene was heated at 220~230 C under 120 
atmospheric pressures of carbon monoxide for 
f{hr. to give 0.95g. of diphenylurea (41.3%, yield) 
and 0.2 g. of 3-pheny1-2, 4-dioxo-1, 2,3, 4-tetrahydro- 
quinazoline (7.7%. yield). 
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Synthetic and Analytical Studies on Color Reagents. VIII. 
o-Halogeno-o'-hydroxyazo Compounds 


By Tadashi IwAcuipo*, Haruo MIiyATA and Kyoji TOE! 


(Received July 3, 1959) 


In the previous papers'-», a series of 
o-substituted-o'-hydroxyazo compounds, 
having various groups in ortho position 
were synthetized and their identification 
limits for various metal ions were deter- 
mined, and thus the usefulness of these 
reagents for metal indicators and colori- 
metric reagents was discussed. 

The present paper describes the pre- 
paration of o-halogeno-o’-hydroxyazo com- 
pounds and their identification limits for 
calcium, magnesium and thorium. _ Es- 
pecially absorption spectra of o-halogeno- 
phenylazo-chromotropic acids and their 
magnesium complexes are determined, and 
the relation between the absorption spectra 
and their structures is discussed. 


Experimental 


Syntheses of Reagents.—-o-Iodoaniline was pre- 
pared by the method of Baeyer®. o0-lIodonitro- 
benzene was prepared from diazotized o-nitro- 
aniline with iodine-potassium iodide solution, and 
then it was converted into o-iodoaniline by the 
reduction with stannous chloride and purified by 
the steam distillation. White needles, m.p. 
59.5~60-C. 

o-Bromoaniline” was obtained by the reduction 
of o-bromonitrobenzene which was prepared by 
Sandmeyer’s reaction of diazotized o-nitroaniline, 
m.p. 33°C. 

o-Chloroaniline and aniline were reagent grade 
products and o-fluoroaniline was kindly supplied 
from Dr. K. Inukai**: 

Aniline and o-halogenoanilines were dissolved 
in 6N hydrochloric solution respectively, cooled in 
ice, diazotized with an equivalent weight of 
sodium nitrite, and filtered off when necessary. 
Coupling reaction had to be carried out imme- 
diately. The stability of these diazonium salt 


Present address: The Electrical Communication 
Laboratory, Musashino-shi, Tokyo. 

1) K. Emi, K. Toei and H. Miyata, J. Chem. Soc. 
Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 78, 
736 (1957). 

2) K. Emi, K. Toei and N. Takemoto, ibid., 78, 741 
(1957). 

3) K. Emi, K. Toei and H. Miyata, ibid., 78, 977 
(1957) 

4) K. Emi. K. Toei and H. Miyata, ibid., 78. 979 (1957). 

5) K. Emi, K. Toei and K. Furukawa, ibid., 79, 681 
(1958). 

6) A. Baeyer, Ber., 38, 2760 (1905) 

7) F. Ullman, ibid., 29, 1880 (1896). 

. Government Industrial Research Institute, Nagoya 


solutions seems to decrease in the orde of 
o-fluoro-, chloro-, bromo- and iodoaniline. 
5-Naphthol, 2-hydroxy-3-naphthoic acid. Schef- 
fer’s acid and R-acid were dissolved in about 1N 
sodium hydroxide solution, N-W-acid and chromo- 
tropic acid in a solution of sodium acetate and 
G-acid in concentrated aqueous ammonia. These 
solutions were separated from any insoluble 
matter by filtration, and then cooled below 5 °C. 
Coupling reaction was carried out by adding the 
diazonium salt solution into the cooled naphthol 
or naphtholsulfonic acid solution and the azo 
compound thus obtained was recrystallized from 
acetic acid or dilute hydrochloric acid. 
Identification Limits. — Identification limits for 
calcium, magnesium and thorium were deter- 
mined by the method of the previous paper”. 
The reagents coupled with 5-naphthol or G-acid 
indicate no color change with concentrations of 
507/ml. magnesium, calcium and thorium, whilst 
those with Scheffer’s acid or N-W-acid change a 


Jlittie or not at all. The identification limits of 


the reagents coupled with R-acid, 2-hydroxy-3- 
naphthoic acid and chromotropic acid are rela- 
tively low. R-acid reagents do not indicate any 
color change for 507/ml. thorium, but the identi- 
fication limits for calcium and magnesium are 
5~507/ml. Reagents prepared from 2-hydroxy- 
3-naphthoic acid for magnesium, calcium and 
thorium have a limit of 0.1~257/ml. and those 
from chromotropic acid 0.1~107,ml. 

Identification limits of one series of these 
reagents increase with the atomic weight of the 
halogen atom at the ortho position. But the 
values for magnesium and calcium are far greater 
than those of 0, 0'-dihydroxyazo compounds’, and 
are almost the same as those of o-trifluoromethyl- 
or o-methyl-o'-hydroxyazo” and o-sulfo-o'-hydroxy- 
azo compounds*®; for thorium they are larger 
than those of o-arsono-o'- hydroxyazo compounds”. 

Absorption Spectra of o-Halogenophenylazo- 
chromotropic Acids and their Magnesium Com- 
plexes.—- Reagent solution..-The reagents being 
very hygroscopic, they were dried at 110°C in 
weighing bottles, cooled in phosphorus pentoxide 
desiccator, and weighed. A 2.5 10-4 mol./I. solu- 
tion was prepared and stored in the dark. 

A 0.25M magnesium sulfate solution was made 
from recrystallized MgSO,-7H,0O. 

Procedure and apparatus.—A series of the rea- 
gents and their magnesium complex solutions of 
varying pH were prepared in the following 
manner. All solutions were made in a dark 
room, for the absorption of reagents was retarded 
by the daylight, especially at a higher pH. 
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Five milliliters of the reagent solution was 
placed in a 50ml. volumetric flask, followed by 
addition of an adequate volume of 1N_ hydro- 
chloric acid, 1 M aqueous ammonia, 1M ammonium 
chloride or 0.1N sodium hydroxide to adjust the 
pH to the desired value and then the volume 
was made up to 50ml. with water. 

Magnesium complex solutions were similarly 
prepared with 5ml. of 0.25M magnesium sulfate 
solution. Above pH 11, magnesium hydroxide 
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Fig. 1. Absorption curves of phenylazo- 
chromotropic acid and its magnesium 
compiex (broken line). 








400 450 500 550 600 
my 
Fig. 2. Absorption curves of o-fluoro- 


phenylazo-chromotropic acid and _ its 
magnesium complex (broken line). 
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Fig. 3. 
phenylazo-chromotropic acid and _ its 
magnesium complex (broken line). 
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Fig. 4. Absorption curves of o-bromo- 
phenylazo-chromotropic acid and _ its 
magnesium complex (broken line). 
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Fig. 5. Absorption curves of o-iodopheny!- 
azo-chromotropic acid and its magne- 
sium complex (broken line). 


was formed, so the determination could not be 
made. The pH was measured with Shimadzu 
Glass Electrode Model GU-1 pH meter and the 
absorbancy with Shimadzu Spectrophotometer 
QR-50 type, with lcm. cells. Absorption spectra 
over various pH values are shown in Figs. 1—5. 


Results and Discussion 


Spectral Properties of the Reagents. Between 
pH 2 and 6, the same reagent gives the 
identical absorption spectra having two 
absorption maxima at 510~520 and 530~ 
540 mv (Fig. 1—5). It is considered that 
electrolytic dissociation of naphtholic OH 
does not occur. Above pH 7, these maxima 
shift to form one maximum (at pH212) 
with increasing pH. 

From the presence of an isosbestic point 
in each figure, two structures are expected, 
and from the electrolytic dissociation of 
chromotropic acid®” the following struc- 
tures are presented. 


8) H. Zollinger and W. Biuchler, Helv. Chim. Acta. 
34, 591 (1951). 

9) J. Heller and G. Schwarzenbach, ibid., 34, 1876 
(1951). 
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(I) (II) 
X=H, F, Cl, Br and I. 


Formula I corresponds to the acidic form 
and II exists at pH more than 12. Azo 
grouping seems to be trans-form. Struc- 
ture I has two hydrogen bridges; the one 
between peri-oxygen atoms is too strong 
to dissociate even at pH 12, but the other 
begins to dissociate at pH 7~8 and com- 
pletely dissociates at pH 12 to give II. 
Formula I has a higher co-planarity than 
formula II. 
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Fig. 6. Relationship between pH and 


absorption differences at 510 my. 

«, o-H-compound; A, o-F-compound; 

>, o-Cl-compound; , 0-Br-compound; 
, o-l-compound. 


Absorption differences at 510myv are 
plotted against pH (Fig. 6). There are 
two series; the one consists of o-hydrogen 
and o-fluoro-compounds, and the other 
o-chloro, o-bromo and_ o0-iodocompounds. 
The difference seems to spring from steric 
hindrance. Namely, in formula II, o-halo- 
genophenyl group and chromotropic acid 
can rotate around each single bond of 
N-C axis, and hydrogen and fluorine 
atoms at ortho position are not hindered, 
but chlorine, bromine and iodine atoms 
are hindered by the sulfonic group of 
chromotropic acid according to Stuwart 
model. 

Spectral Properties of Magnesium Complexes. 
—Absorption curves of the mixtures of 
the reagent and the magnesium solutions 
are the same as those of the reagent 
over pH 2~6. This indicates that mag- 
nesium complexes can not be formed in 


Synthetic and Analytical Studies on Color Reagents. VIII 97 


an acid medium. Absorption maxima of 
magnesium complexes at a higher pH are 
shifted to longer wavelength and to higher 


absorbancy with increasing amount of 
magnesium, and thus 1000 times magnesium 
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Fig. 7. Relationship between pH and 
absorption differences at 570 my. 
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Covalent radii 

Fig. 8. Relationship between covalent 
radii of halogen atoms and absorption 
differences of magnesium complexes,at 
570 mz. 
¢), o-H-complex; A, 0-F-complex; 
>, o-Cl-complex; , 0o-Br-complex; 

, 0-Il-complex. 
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was used for the measurement (broken 
lines in Figs. 15). 

Absorption differences at 570myr are 
plotted against pH (Fig. 7) and against 
covalent radii of halogen atoms'":'')(Fig. 8). 
Absorption differences of o-hydrogen and 
o-fluoro-complexes are the same, and the 
others decrease with the atomic weight of 


) L. Pauling ‘Nature of the Chemical Bond”, 
Cornell Univ. Press, Ithaca, N. Y. (1940), p. 164. 
11) V.Schomaker and D. P. Stevenson, J. Am. Chem 


Soc., 63, 37 (1941) 
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halogen atoms. This also means the 
presence of steric hindrance. 


The authors wish to express. their 
thanks to Professor M. Ishibashi and 
Professor K. Emi for their encouragement. 
Also the authors express hearty thanks 
to Dr. K. Inukai who kindly supplied 
o-fluoroaniline. 
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Spectrochemical Study of Microscopic Crystals. XX°. The Dichroism of 
Tris(ethylenediamine)-cobalt(III) and -chromium(ITT)? 


3y Shoichiro YAMADA and Ryutaro TSUCHIDA 


(Received July 21, 1959) 


Knowledge about the electronic state of 
metallic complexes is important in under- 
standing theoretically their optical activ- 
ity, which is quite well-known in the 
history of the chemistry of coordination 
compounds. Since the dichroism is closely 
related to the electronic state of the 
metallic compounds, the experimental 
determination of the dichroism with tris- 
(ethylenediamine)-cobalt(III) and  -chro- 
mium(III) ions is thought to be useful for 
elucidating the optical rotatory dispersion 
as well as the electronic state of the 
metallic coordination compounds. 

In this work, the authors have deter- 
mined the dichroism with tris(ethylene- 
diamine)-cobalt(III) and -chromium(III) 
halides in the crystalline state and dis- 
cussed about the results of the measure- 
ments in relation to the above problems. 


Experimental 


Materials.—Crystals of d,/-[Coen;]Cl,-3H,0 and 
d,l-([{Coen,|]Br3;-3H,0 were prepared according to 
the method of Grossman and Schick”. The 
hexagonal, prismatic crystals of the compound 
usually show the well-developed (1010)-plane*. 


1) Presented in part before the 4th Annual Meeting of 
the Chemical Society of Japan, Tokyo, April, 1951. 

2) Part XIX of this series: S. Yamada and R. Tsuchida, 
This Bulletin, 32, 721 (1959). 

3) H. Grossman and B. Schick, Ber., 39, 1899 (1906) 

4) F. M. Jaeger, Z. Krist., 39, 551 (1904). 


The crystals show a discernible dichroism on the 
prism face; they are orange yellow with polarized 
light having its electric vector along the c-axis, 
and pale yellow with the electric vector perpendic- 
ular to the c-axis. The dichroism measurements 
were made on the well-developed prism face. 

The optically active d-[Coen;]Br3;-2H,O0 was 
prepared by resolution of the racemic d,/-[Co en,]- 
Cl,-3H2O according to the method of Werner”. 
A slight but definite dichroism was observed 
under the microscope on the prism face (101), 
on which the dichroism measurement was carried 
out. 

The racemic d,/-[Cr en;]Cl;-3H,0 was prepared 
in yellow, hexagonal prismatic crystals by the 
method of Rollinson and Bailar®. The crystal 
of the compound appears to be isomorphous with 
that of d,/-[Coen;]Cl,-3H,0O. It appears yellow 
with the polarized light having its electric vector 
along the c-axis, and very pale yellow with the 
electric vector perpendicular to the c-axis. The 
dichroism measurement was carried out on the 
well-developed prism face. 

Measurements.—Quantitative dichroism meas- 
urements in the visible and ultraviolet regions 
have been carried out at room temperature by 
Tsuchida and Kobayashi’s microscopic method”. 

The symbols used in the present paper are 
the same as those in the former papers of this 
series. Thus the molar absorption coefficient, 
K, was estimated from the following expression: 
K=10Ma/o. 


5) A. Werner, Ber., 45, 121 (1912). 
6) L. Rollinson and J. C. Bailar, Jr., J. Am. Chem. 
Soc., 65, 250 (1943). 
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Results 


Dichroism of the Tris(ethylenediamine )-cobalt- 
(III) Ion.—-The present dichroism measure- 
ments with d,/-|Coen;|]Cl,;-3H-O and d,/- 
{Coen;] Br;-3H-O are shown in Figs. 1 
and 2, and Tables I and II. Formerly 
Kobayashi™ reported the absorption spec- 
trum of tris(ethylenediamine)-cobalt(III) 
bromide trihydrate in the crystalline state 
using natural light. The absorption 
maxima determined in the present work 
agree with those formerly reported by 
Kobayashi, excepting for the region of 
the short wavelength. According to the 
crystal structure analysis’, the c-axis in 
the crystal of d,/-|Co en;] Cl,-3H,O is found 
to be coincident with the threefold axis 
of the |Coen,]** ions. Although the crystal 


Wavelength, 2, mv 


log a 
log « 


Frequency, », 10!*/sec. 

Fig. 1. Absorption spectra of d,/-[Co en;]- 
Cl,-3H.O in the crystalline state ( ) 
and d,/-[Co en;](C1O,), in solution (------ ., 
The curve of the solution is taken 
from Ref. 14. 


TABLE I. ABSORPTION MAXIMA OF 
d,l-(Co en;|Cl,-3H:O0 
v loga K v loga K 
c-Abs. 63.8 1.49 9.55104 (88) 1.22 5.13104 
a-Abs. 64.0 1.33 6.6210* 88.8 1.61 12.5% 10 


y log ¢« 10% < v log ¢ 10% < 
Solu- 64.4 1.99 9.96104 88.5 1.94 9.73104 
tion 
a) M. Linhard, Z. Elektrochem., 50, 224 
(1944). 


1 


vy: 10% sec 


7) (a) R. Tsuchida and M. Kobayashi, ‘‘ The Color 
and the Structure of Metallic Compounds” (Kinzoku- 
kagobutsu no Iro to Kozo), Zoshindo, Osaka (1944), p. 
180. (b) R. Tsuchida and M. Kobayashi, This Bulletin, 
13, 619 (1938). 

8) K. Nakatsu, Y. Saito and H. Kuroya, This Bulletin, 
29, 428 (1956) 
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Frequency, »v, 10'%/sec. 
Fig. 2. Absorption spectra of d,/-[Co en,]- 


Br,-3H.O in the crystalline state ( ) 
and d,/-[Co en.|(C1O;4), in solution (------). 


TABLE II. ABSORPTION MAXIMA OF 
d,l-(|Co en,| Bra-3H2,O 


y log a K v loga K 
c-Abs. 64.4 1.48 8.7210* 88 (1.3) 5.14x104 
a-Abs. 64.4 1.39 7.1110 88 1.63 12.3104 

10!3 sec !. 
structure analysis of d,/-|Coen,| Br,-3H,.O 
is not available at present, the bromide 
‘trihydrate presumably has the crystal 
structure of the same type as that of the 
chloride trihydrate. The c-absorption in 
Figs. 1 and 2, therefore, represents the 
z-absorption of the complex ion, that is, 
the absorption with the electric vector 
along the threefold axis of the complex 
ion. 

From the present measurement, the 
following relationships are obtained about 
the dichroism of the |Coen;]** ion. 

(1) For the band at about 64x10" sec 
(469 my), the z-absorption of the complex 
ion is somewhat stronger than the x- 
absorption. 

(2) For the band at about 88 x10"* sec 
(341 my), the x-absorption is about 2.5 


1 


z(C3) 


x (C2) 





Fig. 3. [Mens]** ion. 
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times stronger than the z-absorption. The 
z- and the x-absorption refer to the direc- 
tions shown in Fig. 3. 

The [Coen;]** ions in the crystal of 
d,l-(Co en;|Cl;-3H,O are subjected to the 
field formed by the surrounding ions. 
However, the dichroism, as here deter- 
mined, may be assumed in approximation 
to represent the dichroism of the isolated 
[Co en,|** ion itself. 


Wavelength, £4, my 


aT 506 400 300 


log a 
=e 

~*~ 

} 
— 

— 
f 

log ¢ 


a] 100 110 120 
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Fig. 4. Absorption spectra of d-[Coens]- 
Br.-2H,O in the crystalline state ( -) 
and d,/-[Co en3|(C1O;)3 in solution (------ ys 


TABLE III. ABSORPTION MAXIMA OF 
d-(Co ens] Br3-2H2O0 


v log a K v loga K 
c-Abs. 63.9 1.54 9.07104 88 1.27 4.86104 
a-Abs. 64.1 1.43 7.03104 88 1.67 12.2104 


y: 10% sec™!. 


The dichroism with a crystal of d- 
{Coen;] Br;-2H.O is shown in Fig. 4 and 
Table III. The arrangement of the com- 
plex ions in the crystal of the optically 
active form is expected to be different 
from the arrangement in the crystal of 
its racemic compound, but the dichroism 
observed with d-[Coen;]Br;-2H.O is re- 
garded to represent the main features of 
the dichroism characteristic of the 
d-|Coen;|** ion. Comparison of the di- 
chroism of d-[Coen;]Br;-2H,O with the 
dichroism of d, /- [Co en;] Br;-3H.O indicates 
unanimously that the c- and the a-absorp- 
tion of the former crystal represent, 
respectively, the main characteristics of 
the z- and the x-absorption of the d- 
{Coen;]** ion. 

From the dichroism with the three 
compounds above presented, the following 
relationships may be induced about the 
dichroism of the [Coen,;]** ion. 
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(1) For the first absorption band, the 
z-absorption is somewhat stronger than 
the x-absorption. 

(2) For the second absorption band, the 
x-absorption is a few times stronger than 
the z-absorption. The polarization is more 
marked for the second absorption band 
than for the first band. 

(3) The optically active form of the 
{Coen;]** ion exhibits the same type of 
dichroism as the dichroism shown by its 
racemic complex compounds. 

Dichroism of the Tris(ethylenediamine)-chro- 
mium(III) Ion.—The result of the dichroism 
measurements with d,/-[Cr en;] Cl;-3H.O is 
shown in Fig. 5 and Table IV. The 
structure analysis of the crystal has not 
been reported as yet. The external form 
and optical property, however, are so 
closely similar to those of d,/-[Coen;]Cl;- 
3H.O that the crystal of the chromium- 
(III) complex is supposed to be isomor- 
phous with the crystal of the correspond- 
ing cobalt(III) compound. Therefore, the 
c-absorption in Fig. 5, the absorption with 
the electric vector along the c-axis, may 
be regarded as corresponding with the 
z-absorption of the complex ion. Based 
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Fig. 5. Absorption spectra of d,/-[Cr en3]- 
Cl,-3H:2O in the crystallined state (——) 
and in solution (------- ). The curve of 
the solution is taken from Ref. 14. 

TABLE IV. ABSORPTION MAXIMA OF 
d,l-[Cr en3]Cl3-3H2O 
v log a v log a 
c-Abs. 66 1.40 86 0.86 
a-Abs. 66.3 1.2 85.6 1.24 
y log < y log < 
Solution® 65.6 1.90 33.5 1.84 


a) M. Linhard, Z. Elektrochem., 50, 224 
(1944). 
vy: 10'%sec—!. 
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on this assumption of the arragement of 


the complex ions in the crystal, the fol- 
lowing relationships are derived about the 
dichroism of d, /- [Cr ens] Cl;-3H.O. 

(1) For the band at about 66x10" sec”! 
(454myv), the z-absorption is about 1.5 
times stronger than the x-absorption. 

(2) For the band at about 85.6 x10" sec~! 
(350 mv), the x-absorption is about 3 times 
stronger than the z-absorption. 

These relationships are found to be of 
a similar type to those for the correspond- 
ing cobalt(III) complexes, as is expected 
from close similarity in absorption spectra 
between cobalt(III) and chromium(III) 
complexes in general. The similarity is 
also expected from consideration on the 
symmetry of the electronic state as well 
as the external form of the complex ions. 


Discussion 


Dichroism of the First and the Second Absorp- 
tion Band.—The ([Coen;]** ion has sym- 
metry D;, but its spectrum shows that the 
effective symmetry is much higher and 
approximates O;. Thus, the absorption 
curve bears a close resemblance to those 
of the hsxammine-cobalt(III) complexes 
with O;, symmetry. The ligand field 
around the Co** in the [Coen;]** ion may 
be represented by the overall symmetry 
of O, with a trigonal field of D; symmetry 
as a small perturbation term. In the case 
of the hexammine-cobalt(III) ion, the 
absorption bands in the long wavelength 
region are forbidden owing to the g<+|>g 
selection rule, and become allowed in 
combination, with the vibrational motion 
of the complex. The [Co en.]** ion, 
however, has no center of symmetry, and 
the unsymmetrical field will allow the 
slight electric dipole transitions even in 
the absence of vibrational distortion. 

The two absorption bands in the long 
wavelength region of the [Coen;]**+ ion 
correspond to those of the [Co(NH;),]** 
ion, which are due to the electronic transi- 
tions ‘Aig—'Ti, and 'A,,—'!T.,. On 
grounds of energy” and from a considera- 
tion of the rotatory dispersion’ of the 
(Co en;]** ion, the longer wavelength band 
around 4700A is ascribed to the transition 
‘Ai,->'T,, and the shorter wavelength band 
around 3400 A to the transition 'A,,—'T>», 
the complex ion being assumed to be 
approximately of O,;, symmetry. It is 
known that the chromium(III) complexes 


9) L. Orgel, J. Chem. Phys., 23, 1004 (1955) etc 
10) W. Moffitt, ibid., 25, 1189 (1956) 
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show absorption spectra quite similar to 
those of the corresponding cobaltic com- 
pounds. The first and the second absorp- 
tion bands of the hexammine-chromium- 
(III) ion are ascribed to the ‘A.,.—‘T2, 
and ‘A.,— ‘Ti, transitions, respectively. 
On the basis of Moffitt’s theory, the 
assignment is found to be in agreement 
with the rotatory dispersion of the chro- 
mium(III) complex ion’. 

In the D; group, species Aiz, Ax, and E 
of the O, group go over into A;, A, and E, 
respectively, whereas T;, splits itself into 
A.+E and T.2, into Ai+E. In practice, 
the degeneracies of the threefold T,, or 
T., levels in the hexammines are not 
perceptibly resolved in their ethylenedi- 
amine analogues. The splitting due to the 
D; symmetry in these complexes is quite 
small, as is seen from the present dichro- 
ism measurements. Thus the splitting, if 
any, of the first absorption band under 
the field of D; symmetry is found to be 
very small. Nevertheless the dichroism 
of the [Men;]*+ ion is surely due to the 
effect of the field with the D; symmetry. 

It might be interesting to point out that 
the dichroism of the [Coen;]** and the 
[Cren,]**+ ion agree, on the basis of the 
above-mentioned assignment of the absorp- 
tion bands, with the selection rule which 
was given by Moffitt’? from discussion 
taking only the symmetry of the ground 
and the excited electronic state into con- 
sideration and_ discarding vibrational 
modes of the complex ion. This agree- 
ment, however, may be rather fortuitous. 
For complete analysis of the ultraviolet 
dichroism, account is to be taken of the 
vibrational modes of the complex ions. 

Recently Sugano and Tanabe’ experi- 
mentally determined optical anisotropy 
with the chromium ruby, in which the 
field around the Cr** ion is represented 
by C; symmetry and is quite similar to 
the field encountered in the [Cren;]** 
ion. It was found from their measure- 
ments with the chromium ruby that for 
the first absorption band the z-absorption 
is stronger than the x-absorption, and that 
for the second band the x-absorption is 
stronger than the z-absorption, where the 
z- and the x-absorptions represent the 
absorption with polarized light having its 
electric vector along and perpendicular to 
the c-axis, respectively. This observation 
was shown to be in good agreement with 


11) J. P. Mathieu, J. chim. phys., 33, 78 (1936). 
12) S. Sugano and Y. Tanabe, J. Phys. Soc. Japan, 13, 
880 (1958). 
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their theoretical interpretation, which also 
predicted the same type of dichroism for 
the [Cren;|** and the [Coen;]** ion. This, 
however, is not the case with these com- 


plex ions. The present measurements 
indicate that the dichroism with the 
[Cr ens] ion is reverse to the dichroism 


of thd chromium ruby. The difference in 
dichroism between the two types of the 
compounds show that the explanation for 
one case does not apply, at least in its 
original form, to the other. The dichroism 
with the [Cren;|°* ion may be understood, 
if this is assumed to belong, for some 
reison, to the case where the second term 
of F.. type in the expansion of the hemi- 
hedral perturbation field, Vi:i,, is much 
greater than the first term of F,, type in 
Sugano and Tanabe’s treatment’. It is 
expected theoretically that the first term 
may be much larger than the second term 
in ordinary cases. The anomaly with the 
|Cr en] ion is not explained at present. 

Dichroism and Optical Rotatory Dispersion of 
the Complex Ions..-The information about 
the dichroism of the complex ions is 
expected to be useful for the understand- 
ing of the rotatory dispersion’. The 
complex ions of the type here considered 
show two component absorptions corre- 
sponding to the ‘first absorption band’”’, 
both of which may possibly be active, at 
least partly, in the optical rotation. In this 
case, superposition of the two inversive 
dispersions due to the component absorp- 
tions may be observed in the wavelength 
region of the first absorption band. In 
the tris(ethylenediamine)-cobalt(III) and 
-chromium(III), the splitting of the first 
absorption band is found from the present 
dichroism measurements to be quite small, 
so that the two sorts of Cotton effect due 
to the two components of the first band 
are not observed separately, but their 
superposition appears with only one 
maximum. On the other hand, the d-tri- 
oxalatochromate(III) ion shows in the 
wavelength region of the first absorption 
band a small, negative component of Cotton 
effect, in addition to a much larger compo- 
nent of a positive sign'’. This may be 
explained qualitatively on the basis of the 


dichroism. The dichroism measurements, 
the details of which will be reported 
later, indicate that the [Crox;|*~ ion un- 


ambiguously shows two maxima at 51.0 and 


13) See Ref. 12 
Dr. S. Sugano for the suggestion concerning the dif 
ference between the chromium ruby and the complex 


The present authors are indebted to 


ions examined in the present work. 
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51.810'*sec~', the splitting of the first 
band being much greater than in the tris- 
(ethylenediamine)-cobalt(III) or  -chro- 
mium(III). The appearance of the small, 
negative component of Cotton effect may 
be understood, if it is assumed that the 
electronic transitions corresponding to the 
above two component absorptions give 
rise to Cotton effect of their own, the 
sign for one being reverse to the sign for 
the other. 

Comparison of the Crystal Spectra with the 
Spectra of the Solution. It is shown that 
difference is scarcely recognizable in 
maximum wavelength between the crystal 
and the solution. On the other hand, 
difference is observed in intensity of the 
first and the second absorption band, the 
difference being greater for the latter 
band than for the former. If the authors 
compare the average of K. and K;:, as the 
value for the crystal, with 10°:, which is 
regared as representing absorption coeffi- 
cient by the compounds of one formula 
weight in solution, the present measure- 
ments show that intensity is greater for 
the solution than for the crystal, even 
when reflection from the surface of the 
crystal is taken into account. The differ- 
ence seems to be definite, though it is 
generally small. This is readily under- 
standable, since the perturbation due to 
the solvent molecules apparently contrib- 
utes to absorption coefficient in solution, 
whereas this kind of contribution to the 
intensity is lacking in the crystal. The 
Schwarzschild-Villiger effect might be 
responsible partly for the difference, but 
is probably very small in the wavelength 
region under consideration. 

Absorption Band due to Association of Ions. 

Linhard'” formerly found a new type 
of absorption bands in addition to the first 
and the second absorption band with the 
tris(ethylenediamine)-cobalt(III) and -chro- 
mium(III) complexes in solution. The 
new absorption band, which appears in 
the region of wave length slightly shorter 
than the second absorption band, is found 
to become stronger as the concentration 
of the halide ion increases, and is regarded 
by Linhard and others as due to associa- 
tion of the halide ions with the [Men,;]°* 
ion. The absorption band of this kind is 
evidently observed in the absorption 
curves of the complexes in the crystalline 
state, as reported in the present measure- 
ment with a single crystal. The present 


14) M. Linhard, Z. Elektrochem., 50, 224 (1944). 
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measurements indicate that the tris- 
(ethylenediamine) -cobalt (III) complexes in 
the crystalline state show an absorption 
band in the region of longer wavelength 
than does [Coen;](ClO,;); in solution. 
Thus d,/-([Co en;] Br;-3H2O shows the band 
at about 100x10'*sec~', which is seen to 
superpose partly on the shorter wave- 
length side of the second absorption band. 
The X-ray study shows that in the 
crystals of the racemic tris(ethylenedi- 
amine)-cobalt(III) chloride trihydrate a 
complex ion is surrounded by nine chloride 
ions at about 3.2 A from a nitrogen atom 
of the complex ions. A similar arrange- 
ment of ions is expected for the racemic 
bromide trihydrate in the crystalline state. 
The present measurements, therefore, 
may be regarded as evidence for the view 
that the new band is due to association 
of the complex ion with the surrounding 
halide ions. It is interesting to note here 
that the interaction takes place at such a 
distance, which seems to be comparatively 
great for the interaction. This type of 
the group composed of the complex ion 
and the halide ions surrounding it was 
formerly established to exist from the 
measurements of rotatory dispersion’ and 
absorption spectra with the complex com- 
pounds in solution’. 

From the present dichroism measure- 
ments, the following relationships are 
derived about the absorption band due to 
the association of the ions. 

(1) This kind of absorption band lies 
in the case of the bromide at longer wave- 
length than in the case of the chloride. 

(2) The absorption is stronger with 
the electric vector along th? trigonal axis 
of the complex than with the electric 
vector perpendicular to the axis. 

(3) The first or the second absorption 
band undergoes very little effect even 
when the association band shifts to a 
longer wavelength region. 

(4) The chromium(III) complex shows 
the association band in much _ shorter 
wavelength region than does the corre- 
sponding cobalt(III) complex. 


15) R. Tsuchida, J. Chem. Soc. Japan (Nippon Kwazaku 
Kwaishi) 58, 621 (1937) 
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The relationships 1, 3 and 4 are essen- 
tially the same as those obtained by 
Linhard'® with the complexes in aqueous 
solution, and in agreement with Linhard’s 
assumption that the association band be 
ascribed to the electronic transitions due 
primarily to the halide ions which are 
deformed under the field of the complex 
ion. 

Since the halide ions without the spe- 
cific field from the outside absorb in a 
shorter wavelength, it may be assumed 
that the absorption of the halide ions is 
displaced to a longer wavelength in the 
presence of the field by the complex ions 
as in the crystals of the compounds here 
examined. Rrelationship 4 shows that 
the [Cren;|** ion has smaller effect upon 
the halide ions than has the [Coen,]** 
ion, being in agreement with Linhard’s 
observation with the complexes in solution. 


Summary 


The dichroism in the visible and ultra- 
violet region has been quantitatively deter- 
mined at room temperature by Tsuchida 
and Kobayashi’s microscopic method with 
a single crystal of d,/-|Coen;]Cl;-3H.O, 


* d,l-|Co en;| Br;-3H.O, d-|Co en;| Br;-2H,.O 
and d,/-[(Cr en;| Cl,-3H.O. 

It has been found that the [Coen;| 
and the ([Cren;] ion show a similar 


type of dichroism. For both the complex 
ions, the z-absorption is slightly stronger 
than the x-absorption in the wavelength 
region of the first absorption band and 
much weaker than the x-absorption in the 
region of the second absorption band. 

The results of the measurements are 
discussed in relation to the electronic 
state and the optical rotatory dispersion 
of the complex ions. 


The present authors wish to thank Dr. 
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Leffet photovoltaique des halogénures d’argent 


Par Shinichi Kikucui, Hiroshi NoZAKI, Yushi HAMANO et Seiya SAKAINO 


(Regu le 10 juillet 1959) 


Quand une électrode métallique est 
exposée a la lumiére dans un liquide ou 
dans une solution convenable, il se produit 
un changement du potentiel d’électrode, 
qui s’appelle l’effet photovoltaique. Ce 
phénoméne qui s’appelle aussi 1’effet 
Becquerel, d’aprés le nom de celui qui le 
mit en évidence, a été étudié par beaucoup 
de chercheurs'’’. Les raisons de cet effet 
peuvent étre divisées en quatre catégories: 
a) l’électrode métallique exposée a la 
lumiére donne le potentiel photovoltaique 
sans aucun changement macroscopique ; 
b) la réaction photochimique des matiéres 
colorantes ou d’autres substances sensibles 
a la lumiére, couvrant l’électrode, donne 
le potentiel; c) le liquide ou la solution 
est la cause du potentiel photovoltaique ; 
d) le semiconducteur solide couvrant la 
surface du métal donne le potentiel. Le 
travail de Becquerel doit étre classé dans 
la 2e catégorie, car il traite la production 
du potentiel par l’électrode d’halogénure 
d’argent mise dans la solution d’électrolyte. 
La présente étude doit étre classée dans 
la 3e catégorie, car elle traite 1l’effet 
photovoltaique dans la solution colloidale 
d’halogénure d’argent. Sheppard et Van- 
selow” ont étudié en 1938 l’effet photovol- 
taique de 1’électrode d’halogénure d’argent 
dans la solution d’électrolytes et développé 
la théorie de la sensibilisation photogra- 
phique a partir des résultats de cette 
étude. Mais le potentiel était de l’ordre 
de quelques millivolts 4 quelques dizaines 
de millivolts. D’ailleurs il était instable 
et non reproductible surtout quand il y a 
en suspension des grains d’halogénure 
d’argent. Nous avons donc adopté 1’élec- 
trode de platine au lieu de 1l’électrode 
d’halogénures d’argent et l’avons mise 
dans la solution colloidale d’halogénure 
d’argent. Dans ce cas le potentiel photo- 
voltaique était trés grand et reproductible 
et nous a permis d’étudier d’une maniére 


1) A. W. Copeland, O. D. Black et A. B. Garrett, 
Chem. Revs., 31, 177 (1942). 

2) W. Vanselow et S. E. Sheppard, J. Phys. Chem., 
33, 331 (1929); S. E. Sheppard, W. Vanselow et V. C. 
Hall, ibid., 33, 1403 (1929); S. E. Sheppard, W. Vanselow 
et G. P. Happ, ibid., 44, 4411 (1940). 


détaillée la vitesse de la réaction photo- 
chimique des halogénures d’argent et 
l’application de cet effet dans les autres 
domaines. 


Expériences 


L’appareil que nous avons utilisé dans le 
présent travail est montré sur la figure 1; les 
halogénures d’argent sont mis dans une cuve a 
électrolyse (1), ainsi que la solution colloidale, 
et mélangés avec un agitateur magnétique (2). 
Au-dessus d’une certaine vitesse d’agitation, les 
halogénures peuvent étre considérés comme une 
suspension homogéne. Le bromure et l’iodure 
d’argent sont préparés en mettant du nitrate 
d’argent 1N dans un excés de solution d’halo- 
génures de potassium 1N. Les précipités sont 
lavés a l’eau, desséchés et broyés en poudre fine 
dans le mortier. Une quantité pesée de poudre 
est mise dans la solution d’électrolyte (la solu- 
tion d’halogénures alcalins). Quant au chlorure 
d’argent, une certaine quantité de solution de 
nitrate d’argent est ajoutée a un petit exces de 
chlorure de potassium. Le précipité est légére- 
ment chauffé, puis filtré et lavé. Il est entrainé 
par une solution de KCl 0.1N dans la cuve a 
électrolyse a travers un petit trou percé au fond 
du filtre sur entonnoir. Nous avons essayé de 
maintenir la méme répartition de grains d’halo- 
génures d’argent, en controdlant les conditions de 
traitement dans chaque lot d’expériences. Une 
lampe a mercure (3) est employée comme source. 
Quelque temps aprés l’allumage de la lampe, en 
maintenant la stabilité de luminosité, l’on ouvre 
l’obturateur (4) et la lumiére traverse une dis- 
tance constante dans l’espace, la paroi du 
thermostat en résine acrylique (3mm. d’épais- 
seur) et ensuite une couche d’eau de 2cm. avant 


d’arriver dans la cuve a électrolyse. Dans ce 
coreen, Bote] 
¢ to meter | 
7.) 2, aE 
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Le systéme d’expériences. 








Fig. 1. 
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rapport, la distance entre le centre de la cuve a 
électrolyse et celui de la source était maintenue 
a 20cm., sauf autre indication, afin qu’une 
lumiére constante entre la cuve. La luminosité 
de la lampe a mercure a été vérifiée de temps a 
autre avec un posemétre a sélénium. La cuvea 
électrolyse est un cylindre de verre de 50mm. 
de diamétre. La paroi de verre ne laisse pas 
passer les rayons plus courts qu’environ 3500 A. 
Le potentiel de l’électrode de platine a été mesuré 
d’une maniére potentiométrique en se référent a 
une électrode au calomel saturé (6). La tem- 
pérature du thermostat était de 25°C. Nous 
avons fait passer de l’azote dans la cuve a 
électrolyse préalablement a la mesure, afin de 
chasser l’oxygéne dissous dans la solution. Le 
potentiel de l’électrode de platine peut varier 
sensiblement, méme avant l'’exposition a la 
lumiére. Le traitement préalable est donc trés 
important pour obtenir une valeur reproductible. 
Dans ce travail, l’électrode de platine est trempée 
dans une solution de soude caustique et de 
chlorure stanneux pendant 5min. et mise dans 
l’acide nitrique concentré. Elle est compléte- 
ment lavée a l’eau avant l’usage. Quand le 
potentiel du platine prend sa valeur stable, 
l’obturateur est ouvert et le potentiel est mesuré 
de temps a autre jusqu’a ce que le potentiel 
atteint une valeur constante. 


Résultats des expériences et observations 


1. Allure du potentiel photovoltaique.—Au 
cours de l’exposition, le potentiel de 
l’électrode de platine mise dans la solution 
colloidale d’halogénures d’argent varie 
le cété positif du potentiel comme |’indique 
la figure 2 assez rapidement dans les 
prmiéres minutes, puis lentement, et il 
tend vers une valeur de saturation. Méme 
si le potentiel avant l’exposition est 
différent, il tend vers une valeur déter- 
minée aprés un certain temps d’exposition. 
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0,1 mol./l. en suspension dans la solu- 
tion de KBr 0,1 N. 
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Nous appelons désormais le potentiel du 
platine mis dans la solution des halogénures 
d’argent le photopotentiel. Apres le 
moment ow le potentiel atteint, la valeur 
de saturation il ne baisse presque pas, 
méme si l’on cesse d’illuminer la cuve. 
Il n’y a qu’une diminution de quelques 
millivolts au bout de 20 heures de repos. 
Le potentiel reste constant méme si l’on 
arréte l’agitation et si l"halogénure d’argent 
se dépose au fond de la cuve. La variation 
de l’aire de l’électrode perpendiculaire a 
la direction de la lumiére n’affecte pas le 
potentiel de saturation. Le potentiel de 
l’électrode de platine ne change pas par 
exposition a la lumiére s’il n’y a pas 
d’halogénure d’argent dans la _ solution 
d’électrolyte. Ce résultat permet de penser 
que le photopotentiel ne dépend pas de 
exposition de 1’électrode et que la réac- 
tion photolytique dans la solution est la 
raison du changement de potentiel. 

2. Les différents halogénures et le photo- 
potentiel.-- Si l’on suppose que le photo- 
potentiel dépend du potentiel d’oxydation 
des halogénes, l’ordre des potentiels doit 
étre AgCl>AgBr>AglI et le fluorure 
d’argent, insensible a la lumiére visible, 
ne doit pas donner le changement du 
potentiel. Les potentiels normaux des 
halogénes vis-a-vis de ]’électrode a hydro- 
gene normale sont donnés dans le tableau I. 


TABLEAU I 
Ep 
1/2 Fi(g) +e @ F 2,85 volt 
1/2 Cl:(g) +e @ Cl- 1,359 
1/2 Br2(a=I)+e 2@ Br 1,085 
1/2I2(s) +e 2 I 0,536 
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Fig. 3. L’effet photovoltaique de AgX 0,1 
mol./l. en suspension de la solution de 
KX 0,1 N. 
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Dans une premiere série d’expériences, 
les solutions d’halogénures de potassium 
0,1 x contenant 0,05 mol. 1. des halogénures 
d’argent ont donné les  photopotentiels 
comme la figure 3. Le systeme du fluorure 
d’argent n’a pas donné d’effet photovolt- 
aique. 

3. La relation entre la concentration des 
halogénures dans la solution et l’effet photo- 
voltaique. -Si le photopotentiel indique le 
potentiel d’oxydation d’halogéne selon 
’équation 1/2X,+e7?X~-, le potentiel E 
doit dépendre des concentrations de 
l’halogene et de l’ion halogéne. 


E E\+ RT/F (in[X,] [IX ~]) 
ky RT/2F \In[(X.| -RT/Fin(|X-| (1) 


Si l’on suppose que la concentration des 
halogénures d’argent en suspension est 
constante et que la concentration de 
l’halogene libéré est constante, la formule 
1 devient la formule 2. 


E ~ E,' —0,059 log [X ~} (2) 


Dans 2e série d’expériences ow les auteurs 
font varier la concentration d’ion, les 
résultats ont été ceux de la figure 4. 
La relation entre le photopotentiel mesuré 
apres 60min. d’exposition et la concen- 
tration de l’ion d’halogéne est semblable 
a l’équation 2. Cependant cette relation 
n’est plus valable au-dessus d’une concen- 
tration de 0,3n. Dans le cas du bromure, 
la couleur de la solution apres l’exposition 
est sensiblement brune et la couleur du 
bromure d’argent est aussi grise. Cela 
montre qu’il y a une certaine quantite de 
brome dans la solution. Les auteurs sup- 
posent que le photopotentiel plus faible 
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dans la solution concentrée de bromure 
provient de la réduction de la concentra- 
tion en brome par formation d’ion com- 
plexe. 


Br.+Br- < Br 

4. La relation entre la concentration des 
halogénures d’argent et le photopotentiel. Dans 
la série suivante, les auteurs ont mesuré 
le photopotentiel en faisant varie la con- 
centration d’halogénure d’argent, en tenant 
constante la concentration de l’ion brome. 
Plus la concentration en bromure d’argent 
est petite, plus la vitesse de formation du 
brome est petite et la vitesse d’augmen- 
tation du potentiel est également petite 
(Fig. 5). De la formule 1 on peut tirer la 
formule 3 er prenant Br~ const. 


0,0296 log [Br.| (3) 
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Comme il y a une réaction de recombinaison 
d’argent et de brome un effet de filtre de 
lumiére actinique par l’argent déposé, la 
concentration de brome libéré ne doit pas 
étre proportionnelle a la concentration de 
bromure d’argent. Mais quand ces effets 
sont petits, on peut supposer que ces deux 
concentrations sont proportionelles et la 
formule 4 devient, 


E= E,''' +0,0296 log (AgBr) (4) 


En fait la figure 6 montre que le photo- 
potentiel est a peu pres une fonction 
linéaire du logarithme de la concentration 
de bromure d’argent (Fig. 6). 

5. L’effet de l’intensité de la lumiere et de 
la grandeur des grains d’halogénure d’argent 
sur le potentiel. —Quand l’intensité de la 
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lumiére qui entre dans le systéme colloidal 
d’halogénure d’argent faiblit, la vitesse 
d’augmentation du photopotentiel devient 
moindre et le potentiel final est aussi plus 
faible (Fig. 7). Il y a un effet identique. 
Quand la grandeur des grains d’halogénures 
d’argent augmente, la vitesse d’augmenta- 
tion du _ photopotentiel diminue. La 
figure 8 montre l’allure du photopotentiel 
pour deux grandeurs de grains de chlorure 
d’argent, celles de diamétre moyen de 
moins de 0,1 mm. et de 0,7 mm. On peut 
en expliquer la raison en disant que la 
diffusion de chlore libéré dans le gros 
grain exige plus de temps que dans le 
petit grain. 

6. Le potentiel aprés l’arrét de l’exposition. 

Quand on arréte l’exposition aprés un 
certain temps, l’allure du _ photopotentiel 
est celle de la figure 9. Quand le 
potentiel se trouve sur la courbe montante, 
l’augmentation du potentiel continue méme 
apres l’arrét de l’exposition, puis il com- 
mence a redescendre. L’explication est 
que l’halogene libéré ne se recombine 
pas tout de suite apres l’arrét de 1l’exposi- 
tion et continue a venir dans la solution 
a cause de la différence de concentration 


d’halogéne entre le cristal et la solution. 
La redescente peut s’expliquer par la 
recombinaison du brome avec l’argent. 


Mais cette explication n’est pas suffisante. 
-arce qu’une fois que le potentiel se 
trouve dans la partie de courbe prés de 
la valeur saturée, il ne descend presque 
pas méme aprés l’arrét de 1’exposition 
dans le cas du bromure et de l’iodure 
d’argent. Mais le potentiel de chlorure 
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Fig. 9. L’effet photovoltaique en cas 
d’interruption de lumiére (0,1 moi./I. 
AgBr dans 0,1N KBr). 
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d’argent montre une descente du potentiel. 
On peut expliquer le phénoméne dans le 
bromure et dans l’iodure d’argent en 
disant que la quantité d’halogéne qui se 
recombine est minime par rapport a l’halo- 
gene libéré dans la solution. 

7. La comparaison du photopotentiel et du 
potentiel d’électrode d’halogene.—Les auteurs 
ont calculé la concentration du brome 
liberé aprés 1 heure d’exposition du 
systéme colloidal 0,1N KBr-AgBr comme 
dans le tableau II. 


TABLEAU II 


Photopotentiel Concentration 


Concentration 60;min. aprés de brome libéré 

de AgBr l’exposition mol./I. 

mol./1. vis-a-vis de 
calomel saturé 

0,2 0,766 2,02 x10 
0,1 0,764 ive 4 
0,07 0,761 1, 37 ? 
0,05 0,756 0,926 d 
0,02 0,756 0,926 4 
0,01 0,746 0,424 4 
0, 007 0,739 0, 246 y 
0,003 0,725 0,0824 7 


On voit que la quantite de brome libéré 
est minime par rapport a la suspension de 
AgBr. Pour vérifier si l’électrode de 
platine indique le potentiel d’oxydoréduc- 
tion par la réaction, 


1/2 Br.+e=Br- 


dans une solution diluée comme dans le 
tableau II, nous avons mesuré le potentiel 
en dissolvant une quantité connue du 
brome dans des solutions de KBr 0,1N, 
1n et 3n. Les résultats se voient sur la 
figure 10. Dans la solution a 0,1N de 
KBr, le potentiel suit la formule 3 au- 
dessus de 0,72 volt (vis-a-vis du calomel 
saturé) et au-dessus de la concentration 
2~3x10-° mol./l. de brome. Au-dessus de 
0,72~0,73 volt, le potentiel dévie grande- 
ment de la formule 3. Au-dessous de cette 
concentration de brome, le potentiel est 
instable a cause du potentiel naturel par 
suite de l’adsorption d’ions étrangers et 
pour d’autres raisons. Aux plus fortes 
concentrations de KBr, comme 1Nn ou 3n, 
le potentiel devient moindre que le poten- 
tiel calculé par la formule 3. 
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Fig. 10. La concentration du brome et 
le photopotentiel. 


Conclusion 


1. L’exposition a la lumiére d’une 
suspension d’halogénures d’argent dans 
une solution d’électrolyte donne un grand 
effet photovoltaique. 

2. Nous avons trouvé par certaines 
expériences que ce potentiel provient de 
l’halogéne libéré du cristal vers la solution. 

3. L’électrode de platine mise dans la 
solution colloidale d’halogénure d’argent 
indique au commencement le potentiel 
naturel donné par |’état initial de 1’élec- 
trode. Par l’exposition de AgX a la 
lumiére, l’halogéne est libéré vers la solu- 
tion et il donne le potentiel défini par: 
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Relations between Electronic Absorption Spectra and Spatial 
Configurations of Conjugated Systems. IV. Polyphenyls 


By Hiroshi Suzuki 


(Received July 7, 1959) 


In this part of the series, the electronic 
absorption spectra and the spatial configu- 
rations of polyphenyls are briefly surveyed, 
and the relation between them is discussed 
especially for o- and p-terphenyls, the 
method applied being analogous to the one 
for the treatment of biphenyl presented 
in Part I” of this series. 

p-Polyphenyls.—It is well known that the 
first intense band in p-polypheny] is shifted 
progressively toward longer wavelengths 
and increases in its intensity as the 
number of benzene rings is increased, no 
limit having been reached with the first 
six members which have been studied 
experimentally”. The band is regarded 
as the conjugation band, and the batho- 
chromic shift and the intensification of 
this band with the increasing number of 
benzene rings may be attributed to the 
increasing extent of conjugation due to 
the elongation of the conjugated system. 
It may be stated in this connection that 
the first four members have been proved 
to be planar in the crystalline states». 

The relation between the position of 
the conjugation band and the number of 
benzene rings in p-polyphenyl has been 
discussed by several workers on various 
grounds. Thus, for example, Davydov” has 
treated this problem quantum-mechani- 
cally, and derived the following equation: 


4Emin= A—2|M|\|cos[(z/(n+1)]| 


where JE min is the transition energy cor- 
responding to the conjugation band, M is 
the matrix element of the interaction 
between neighboring benzene rings, and 
is the number of benzene rings in the 
molecule. Hence, with increasing v7, the 
band should shift toward longer wave- 
lengths, and the magnitude of the shift 
should decrease. From the experimental 


1) H. Suzuki, This Bulletin, 32, 1340 (1959) 


2) A. E. Gillam and D. H. Hey, J. Chem. Soc., 1939, 
1170 

3) L. W. Pickett, Nature, 131, 513 (1933). 

4) A. S. Davydov, Zhur. Eksptl. Teoret. Fiz. (J. 
Exptl. Theoret. Phys.), 18, 515 (1948); Chem. Abstr., 43 


3714 (1949). 


data of Gillam and Hey” for biphenyl and 
for sexiphenyl, the values of A and of M 
have been estimated at 50060cm~' and at 
10300cm~', respectively, in chloroform, 
and at 50900cm~' and at 10200cm™’, re- 
spectively, in hexane. Accordingly, when 
n is co, the band should be expected to be 
at about 339 my in chloroform and at about 
328myv in hexane. A somewhat similar 
equation has been derived empirically by 
Hirayama 

Further, Dewar® has calculated the 
wavelengths of the conjugation bands of 
p-polyphenyls by his NBMO method, and 
obtained values which are in excellent 
agreement with the experiment. 

m-Polyphenyls.-- The spectra of linear 
m-polyphenyls form a system quite dif- 
ferent from that of p-polyphenyls. In the 
meta-series there is virtually no change 
in the position of the first intense band 
after biphenyl up to the highest member 
of the series yet prepared, in which the 
number of benzene rings is 16, in marked 
contrast to the para-series. On the other 
hand, the intensity of the band increases 
as the series ascends, being roughly pro- 
portional to the number of benzene rings 
in the molecule”. 

The different characteristics of the 
spectra of the two series have been 
ascribed to the presence of conjugation 
which covers the whole molecule in the 
para- but not in the meta-series. Thus 
Dewar” has considered the m-polyphenyls 
as the cross-conjugated systems according 
to his definition, and stated that the 
largest non-cross-conjugated unit present 
in them is biphenyl. In addition, Dale” 
has described it in line with Dewar’s 
theory as follows; in m-terphenyl, one 
orbital of each of two sets of doubly 
degenerate =z-orbitals in the central ben- 
zene ring will interact mainly with the 


orbitals in one of the benzene rings 
5) K. Hirayama, J. Chem. Soc. Japan, Pure Chem 
Sec. (Nippon Kagaku Zasshi), 75, 682 (1954) 
M. J. S. Dewar, J. Chem. Soc., 1952, 3544 


J. Dale, Acta Chem. Scand.. 14, 971 (1957). 
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attached to the parent benzene ring, while 
the other orbital interacts mainly with the 


orbitals in another benzene ring. These 
explanations seem _ considerably _ satis- 
factory. 

In spite of this, however, Murrell and 


’ have proposed a different 
explanation. They have attempted to 
account for the main features of the 
spectra of m- and p-polyphenyls by elec- 
tron interaction between the chromophores 
in these series, and stated that the dif- 
ferent characteristics of the spectra of 
the two series can be interpreted without 
reference to conjugation between the 
aromatic rings. 

While data of the spatial configurations 
of linear m-polyphenyls appear to have 
not been available yet, it is of great 
interest that 1,3,5-triphenylbenzene has 
been found to be non-planar not only in 
the vapor state but also in the crystalline 
state. According to Bastiansen’”, the 
angle between two adjacent benzene ring 
planes in this compound in the vapor 
phase is 46-++5°, which is almost completely 
identical with the value found for bipheny] 
in the vapor phase’ 1,3, 5-Triphenyl- 
benzene has been found to have the non- 
planar configuration even in the crystal- 
line state, in which the interplanar angles 
are about 25° according to Lonsdale'” or 

34°, —27° and +24” according to Farag’, 
in striking contrast to biphenyl which is 
known to be planar in the crystalline 
state’*’. 

o-Polyphenyls... While p-polyphenyls have 
been proved to be planar in _ the 
crystalline states, o-polyphenyls can not 
be planar owing to the steric necessities. 
Actually it has been found that o-terphenyl 
is non-planar in the crystalline state’. 
Consequently, o-terphenyl should be less 
conjugated than the p-isomer, and hence 
the electronic absorption spectrum of the 
former should be appreciably different 
from that of the latter. In fact, this 
has been shown to be the case’. 

o-Terphenyl, p-Terpheny and Some Related 
Compounds.—- Now, the relation between the 


Longuet-Higgins 


&) J. N. Murrell and H. C. Longuet-Higgins, J. Chem. 
Soc., 1955, 2552. 
9) O. Bastiansen, Acta Chem. Scand., 6, 205 (1952). 


10) O. Bastiansen, ibid., 3, 408 (1949). 

11) K. Lonsdale, Z. Kryst., 97, 91 (1937); Chem. Abstr., 
31, 8302 (1937). 

12) M.S. Farag, Acta Cryst., 7, 117 (1954). 

13) (a) J. Dhar, Indian J. Phys., 7, 43 (1932); Chem. 


Abstr., 26, 4517 (1932). (b) Idem., Proc. Natl. Inst. Sci. 
India, 15. 11 (1949); Chem. Abstr., 43, 4655 (1949). 

14) C. J. B. Clews and K. Lonsdale, Proc. Roy. Soc. 
(London), A161, 493 (1937). 


15) J. Dale, Acta Chem. Scand., 11, 650 (1957). 
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spectra and the most probable spatial 
configurations of o- and p-terphenylis and 
of some related compounds will be dis- 
cussed below by application of a method 
analogous to the one used in the treat- 
ment of the similar problem of biphenyl 
in Part I of this series. 

The zx—-z resonance integral for each of 
the co-annular bonds in o- and p-terphenyls 
is denoted by “$, and by the parameter 
“# an allowance is made for a change of 
the resonance integral associated with 
changes of the interplanar angle and of 
the bond length, quite similarly to the 
case of biphenyl. 

o-Terpheny! is considered to belong to 
the symmetry group C».. Seven of nine 
orbitals, belonging to each of the repre- 
sentations A and B vary with /, and the 
other two orbitals of each set do not vary 
with # (one of which has energy of +4, 
and the other —f§). The highest occupied 
orbital belongs to B, and the lowest vacant 
one to A. The transition between these 
two orbitals is allowed. On the other 
hand, p-terphenyl is considered to belong 
to D.. To each of the representations Bb; 
and B;, there belong five orbitals which 
vary with v and one orbital which does 
not vary with # (B:, +8; B:, —§). In 
addition, to each of A, and B:, three 
orbitals whose energies do not vary with 
nm (A, B, B, B: B:; B, B, 3) 
belong. The highest occupied | orbital 
belongs to B;, and the lowest vacant one 
to B;. The transition between these two 
orbitals is allowed. 

The transition between the _ highest 
occupied orbital and the lowest vacant 
one in each compound is considered to 
correspond to the conjugation band in the 
spectrum of each compound, and the 
corresponding transition energy JE, can 
be evaluated as a function of / by the 
simple LCAO molecular orbital method. 
The results of calculations are shown in 
Table I, in which the data for biphenyl 
reported previously’? are included for 
comparison. 

It is evident that the value of JE, 
increases in each of the systems as the 
value of “ decreases, indicating that the 
conjugation band should be shifted toward 
shorter wavelengths with decreasing /. 
When v is 0, JE, in each system is 2(— 8), 
and coincides with the value for benzene. 

The difference between the value of 
JE, for o-terphenyl and that for p-ter- 
phenyl at the same value of # is much 
smaller than the difference between the 
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TABLE I 
iD SEa(— §) SEa(— §) AE,(— 8) 
p-T o-T B 

1 1.1853 1.2206 1.4092 
0.9 1.2527 1.2894 1.4596 
0.8 1.3234 1.3611 1.5120 
0.7 1.3976 1.4354 1.5666 
0.6 1.4750 1.5120 1.6232 
0.5 1.5556 1.5908 1.6820 
0.4 1.6393 1.6713 1.7424 
0.3 1.7258 1.7529 1.8048 
0.2 1.8150 1.8353 1.8686 
0.1 1.9065 1.9179 1.933 
0 2 2 2 


B represent p-ter- 
biphenyl, respect- 


Symbols p-T, o-T and 
phenyl, o-terphenyl, and 
ively. 


value for biphenyl and that for o- or p- 
terphenyl. This fact seems to give some 
support to the assumption in the treatment 
of o-alkyl- and of o,o’-dialkylbiphenyls in 
the earlier part’? of this series that the 
normal electronic bathochromic effect of 
an o-alkyl substituent and that of the 
corresponding p-substituent are approxi- 
mately of the same magnitude. 

According to Dale’, the ultraviolet 
absorption spectra of p- and of o-terphenyls 
in the crystalline states measured by the 
pressed KCl-disk technique do not signifi- 
cantly differ from the respectively corre- 
sponding solution spectra. Only a normal, 
or slightly larger than normal, red-shift 
is observed for each compound. This fact 
is considered to indicate that the inter- 
planar angles in each compound in solution 
are not much larger than in the crystal- 
line state. Thus, the spectrum of p-ter- 
phenyl in hexane shows an_ intense 
absorption band without fine structure at 
276 mvt (¢=32100), which is considered to 
be the conjugation band. (According to 
the present measurement!? &max is 276.5 
my and ¢ is 31800in n-heptane. According 
to Gillam and Hey”, dmax is 276my and « 
is 35000 in hexane, and Ayax is 2830myr and 
<¢ is 25000 in chloroform.) On the other 
hand, the spectrum of the crystalline 
p-terphenyl shows an intense band at 284 
mv. The spectrum of o-terphenyl in 
hexane exhibits a maximum at 232myr 


16) H. Suzuki, This Bulletin, 32, 1350 (1959). 

17) p-Terphenyl was prepared by the reaction of bis- 
nitrosoacety!-1,4-phenylenediamine with benzene as 
described in ‘‘ Organic Reactions’’, edited by R. Adams 
et al., Vol. II, John Wiley & Sons, Inc., New York (1944), 
p. 252, and purified by sublimation succeeded by 
repeated recrystailizations from ethanol. The spectrum 
was measured with a Cary recording spectrophotometer 
Model 14 M-50. 


(< = 26900), and the spectrum of the crystal 
at 237m. In addition, the spectra of 
o-terphenyl in both the states show a 
diffuse maximum or inflection at about 
250~260 mv (in the hexane solution, /, 
is about 252myr and «¢« is about 11400). 
Dale has regarded this vestigial band as 
the Z;-band, namely, the ‘‘ main band’’ 
which covers the full chromophore, and 
the band at 232my or 237 as the /.-band, 
namely, the ‘‘ overtone ”’ or ‘‘ minor ”’ band. 

It is undertaken by applying the author’s 
method to infer the most probable spatial 
configurations of o-terphenyl and of p-ter- 
pheny! in solution from their spectra. In 
that case, p-terphenyl in the crystalline 
state is taken as the longer-wavelength- 
side reference compound, because it has 
been known to have the planar configura- 
tion with the co-annular bond length (2) 
of 148A‘. This value of R is equal to 
that in biphenyl in the crystalline state 
Therefore, the value of # for the planar 
p-terphenyl molecule is 0.858. This is 
quite similar to the case of the planar 
biphenyl’, and the correspnding value of 
JE, is estimated at 1.282(— 8), which is 
referred to as JE, as usual. The peak 
wave number of the conjugation band in 
the spectrum of p-terphenyl in the crys- 
talline state measured by the pressed 
KCl-disk technique, corrected for the 
normal red-shift'’'»’, is taken as the value 
of the wave number corresponding to JE, 
(viz. v.). The magnitude of the normal 
red-shift may be estimated to be about 
6mys at 284myv according to the regular 
relation between the position of the band 
and the magnitude of the corresponding 
normal red-shift determined by Dale’. 
Accordingly, the value of », may be 
assumed to be 35971 cm (278 myst). 

On the other hand, benzene is taken 
as the shorter-wavelength-side reference 
compound, similarly to the case of biphenyl. 
That is, the value of JE, when + is 0 is 
2(—8) (viz. JEs), and the corresponding 
value of » (viz. vs) is assumed to be 48000 
cm (the center of gravity of singlets of 
benzene). 

From the positions of the conjugation 
bands of o-terphenyl and of p-terphenyl 
in solution, the respectively corresponding 
values of JE, are obtained by the usual 
procedure (cf. Ref. 1, Eq. 8). (As the 
conjugation band of o-terphenyl the inflec- 
tion at about 252my is taken, accepting 


sé 


18) L. W. Pickett, Proc. Roy. Soc. (London), A142, 333 


(1933) 
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TABLE II 
Compound Rvecns ae SEa(— §) " 6 R, A 
p-Terphenyl (p) 278 (a) 1.282 0.858 0 1.48 
(b) 1.247 0.908 0 1.445 
p-Terphenyl (s) 276.5 (a) 1.294 0.842 11 1.481 
(b) 1.259 0.891 5 1.447 
276 (a) 1.298 0.836 52.5 1.482 
(b) 1.263 0.885 = 1.447 
o-Terphenyl (s) (252) (a) 1.504 0.611 43 1.496 
(b) 1.479 0.643 42.5 1.470 
Symbols p and s represent the ‘‘isolated’’ planar molecule and the molecule in 


solution, respectively. 


the assignment by Dale, although this 
would appear to be open to question.) 
From these values of JE, the correspond- 
ing values of / are estimated according 
to the relations shown in Table I between 
and JE, for o-terphenyl and for p-ter- 
phenyl. Then, the corresponding values 
of # (the interplanar angle) and of R are 
computed according to the relation between 
and @ as well as R postulated in Part I 
of this series (cf. Eqs. 1-7 in Ref. 1). 
The results of calculations are shown in 
Table II, being denoted by symbol a. 

The fact that the length of the co- 
annular bonds in the planar molecule of 
p-terphenyl is equal to that in biphenyl 
would appear to be rather surprising, for 
it would be expected that the length of 
the ‘‘single’’ bond might be contracted 
with the increasing extent of conjugation. 
This problem will be discussed later. 
Here, it is tentatively assumed that the 
co-annular bond length in planar p-ter- 
phenyl were equal to the ‘‘single’’ bond 
length, 1.445A, in planar trans-stilbene, 
considering that terphenyl as well as 
stilbene can be regarded as a “‘tri-conju- 
gated system’. The results of calculation 
carried out on the basis of this assumption 
are also shown in Table II, being denoted 
by symbol b. It is to be noted that 
the change of the value of the length of 
the pivot bond of the reference compound 
from 1.48 to 1.445 A does not significantly 
affect the calculated values of the inter- 
planar angles. 

According to the result of the X-ray 
crystal analysis'”, the configuration of 
o-terphenyl in the crystalline state is the 
one in which the planes of the two outer 
phenyl groups are turned approximately 
50° or less (probably 45~50°) out of the 
plane of the parent nucleus. Since the 


19) E. A. Braude and E. S. Waight, ‘‘ Progress in 
Stereochemistry’’, Vol. 1, edited by W. Klyne, Butter- 
worths, Scientific Publications, London (1954), p. 126 


Wavelength in parentheses denotes an inflection. 


interplanar angle in the molecule in solu- 
tion is considered to be not significantly 
different from that in the crystalline state 
in view of the spectral similarity between 
both the states, it may be said that the 
calculated value is in considerably good 
agreement with the experimental value. 
The interplanar angle in o-terpheny! in 
the vapor phase has been very roughly 
determined by the electron diffraction 
method to be about 90°”. 

The most probable configuration of p- 
terphenyl! in solution has been inferred to 
be slightly non-planar, in accordance with 
the infrared spectroscopic evidence by 
Dale’. It may be noteworthy that the 
calculated value of the interplanar angle 
in p-terpheny]! in solution is considerably 
smaller than the corresponding one in 
biphenyl] in solution (about 20°). Further- 
more, the value in p,p'-quaterpheny] is 
inferred to be still smaller than that in 
p-terphenyl. According to Dale’, the posi- 
tion of the conjugation band in the pressed 
KCl-disk spectrum and that in the hexane 
solution spectrum (in parentheses) are as 
follows (wavelengths are in my‘): biphenyl, 
253 (246); p-terphenyl, 284 (276); p, p’-qua- 
terphenyl, 303 (294). On the other hand, 
the magnitude of the normal red-shift 
may be estimated to be about 3.5my at 
253 mvt, about 6my at 284myr, and about 8 
my at 303my. Accordingly, the position 
of the conjugation band of the ‘“‘ isolated 
planar molecule’’ may be presumed to be 
249.5myv for biphenyl, 278my for p-ter- 
phenyl, and 295 my for p, p’-quaterphenyl, 
and consequently the differences between 
the positions of the conjugation bands of 
the assumed isolated planar molecules and 
those of the corresponding molecules in 
solutions are 3.5, 2 and 1 mp, respectively. 
This fact may be considered to indicate 





20) I. L. Karle and L. O. Brockway, J. Am. Chem. Soc.., 
66, 1974 (1944). 
21) J. Dale, Acta Chem. Scand., 11, 640 (1957) 
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that the degree of the deviation of the 
most probable configuration of the mole- 
cule in solution from the planarity: de- 
creases in the order biphenyl] > p-terphenyl 
>p, p'-quaterphenyl, although it may be 
somewhat doubtful whether much signi- 
ficance can be attached to the numerical 
values of these differences themselves 
mainly because of inevitable uncertainty 
in the estimation of the magnitude of the 
normal red-shift. 

o, p'-Quaterphenyl has two bands at 284 
my and at 255myv in the pressed KCl-disk 
spectrum, and at 276myv and at 248 my in 
the solution spectrum. Dale has inter- 
preted these two bands as 4,- and as 
4.-bands, respectively, on the basis of his 
concept of the ‘‘overtone’”’ band. At any 
rate, it is of interest that the band at 284 
my (276m/) appears to correspond to the 
conjugation band of p-terphenyl and the 
band at 255 my (248 my) to the conjugation 
band of biphenyl. 

On the Bond Length.— Lastly, the length of 
the ‘‘single’’ bond in conjugated systems 
is briefly discussed. It is noteworthy that 
the length of the co-annular bond has 
been proved to be 1.48A in each of 
biphenyl, p-terphenyl, and ),)p'-quater- 
phenyl*” in the crystalline state. This 
fact appears to be in contrast to the 
expectation that the length of the ‘‘single’”’ 
bond might be contracted with the increas- 
ing extent of conjugation, or in other 
words, with the increasing elongation of 
the conjugated system, and would be 
considered to support the striking hypo- 
thesis proposed recently by Dewar and 
coworker*? that when the distinctions 
between the bond radius and the energy 
of bond formation of an sp* carbon atom 
and those of an sp* carbon atom are made 
it appears that bond lengths and heats of 
formation can be predicted without con- 
sidering resonance at all. According to 
Platt’?, one of the important evidence 
contributory to Dewar’s hypothesis is that 
the length of the ‘“‘single’’ bond 1.48A in 
butadiene represents no shortening of 
Dewar’s sp*-sp*’ single bond distance. 
Butadiene in the vapor phase has been 
found probably to have almost exclusively 
the planar /rans-configuration in which the 


22) L. W. Pickett, J. Am. Chem. Soc., 58, 2299 (1936). 
23) M.J.S. Dewar and H. N. Schmeising, Tetra- 
hedron, 5, 166 (1959). 

24) J. R. Platt, Ann. Rev. Phys. Chem., 10, 349 (1959). 
25) A. Almenningen, O. Bastiansen and M. Traette- 
berg, Acta Chem. Scand., 12, 1221 (1958). 


length of the 2—3 bond is 1.483+0.01 A °*». 

On the other hand, trans-stilbene is 
known to have the planar or nearly planar 
configuration in which the length of the 
a-1 “‘single’’ bond is 1.44+0.02 A or 1.45+ 
0.02 A in the crystalline state*?. That is, 
the further shortening of the sp*-sp* bond 
occurs in trans-stilbene as compared with 
those in polyphenyls and in butadiene. 
In addition, Cook’? has pointed out that 
the length of the sp’-sp’® ‘‘single’’ bond 
varies from about 1.44 to about 1.55A 
with the angle between the planar groups 
joined by such a bond, in accordance with 
the assumptions made previously by the 
present author'’*». Therefore, in spite of 
Dewar’s new hypothesis, it seems evident 
that the length of the ‘“‘single’’ bond 
depends on the extent of conjugation, or 
in other words, on the extent of the 
x—zx interaction across the bond. Hence, 
the bond length may be to be correlated 
with the z-bond order as usual after all. 

When the actual bond lengths are taken 
into account, the value of the z-bond 
order is estimated at 0.319 for the co- 
annular bond of biphenyl’? and at 0.384 
for the a-1 bond of trans-stilbene’’. On 
the other hand, when the z—z resonance 
integral is taken as § for all the bonds, 
the value of the z-bond order is 0.370 for 
the co-annular bond of biphenyl, is 0.375 
for that of p-terphenyl®*”, and is 0.431 for 
the a-1 bond of trans-stilbene*”’. In view 
of these values it may not be surprising 
that the length of the co-annular bond of 
p-terphenyl as well as that of p, p’-quater- 
phenyl is not substantially different from 
that of biphenyl in spite of the elongation 
of the conjugated system, and that the 
length of the ‘‘singe’’ bond of trans- 
stilbene is considerably shorter than those 
of these polyphenyls. It may be of interest 
in this connection that Syrkin and 
Dyatkina*” have shown by calculations by 
the molecular orbital method that there 
is an increase of 0.38(— 8) in the resonance 
energy for each Ph-Ph bond in the forma- 
tion of biphenyl, terphenyl, or quater- 
phenyl. 


26) J. M. Robertson and I. Woodward, Proc. Roy. Soc. 
(London), A162, 568 (1937). 

27) D. Cook, J. Chem. Phys., 28, 1001 (1958). 

28) H. Suzuki, This Bulletin, 25, 145 (1952). 

29) H. Suzuki, the succeeding part of this series to be 


published. 
30) N. P. Buu-Hoi, C. A. Coulson, P. and R. Daudel, 
M. Martin, A. and B. Pullman, Rev. sci., 85, 1041 (1947). 


31) Ya. K. Syrkin and M. Dyatkir.a, Acta Physicochim. 
U.S.S.R., 21, 641 (1946); Chem. Abstr., 41, 1648 (1947). 
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Summary 


The ultraviolet absorption spectra and 
the spatial configurations of polyphenyls 
have been briefly surveyed, and then the 
most probable spatial configurations of 
p-terphenyl and of o-terphenyl have been 
inferred from the spectra by application 
of the method analogous to the one for 
biphenyl in the first part of this series, 
resulting in the interplanar angle of about 
10° for p-terphenyl and in that of about 
43° for the o-isomer. Some related com- 
pounds have also been discussed. Further, 
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it has been shown that the length of the 
“‘single”’ sp’-sp? bond of the conjugated 
system depends on the extent of the z—7z 
interaction across the bond, contrary to 
Dewar’s recent hypothesis. 


The author thanks Professor Kengo 
Shiomi for reading the manuscript and 
for advice. 


Department of Chemistry 
College of General Education 
The University of Tokyo 
Meguro-ku, Tokyo 
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Temperature Dependence of Ceric-cerous 


Gamma-ray Dosimeter 
By Hiroshi Horta and Kazuo Suimapa 


(Received August 20, 1959) 


The 0.8Nn sulfuric acid aqueous solution 
of ceric sulfate is usually recommended 
as a gamma-ray dosimeter for high dose. 
On the other hand, the temperature of 
irradiated solutions is apt to be raised at 
high dose rate owing to the absorption of 
gamma-ray energy. Therefore, in order 
to examine the temperture effect on the 
yield of cerous ion, the above solution 
was irradiated for one or two hours in a 
water thermostat under various dose rate 
between about 7x10‘7/hr. and 6x10°7/hr. 
at the Co-60 Irradiation Laboratory of 
JAERI, and the yield was determined 
from the decrement of optical density at 
314myv. Ceric sulfate (Frederick Smith 
Chem. Co.) without further purification 
was dissolved in water, distilled triply as 
usual, in a test tube of hard glass (Hario 
Glass). A series of the samples was 
put carefully under the same condition 
for various temperatures between about 
20 and 90°C. 

The logarithm of the decrement of 
optical density of the sample irradiated 





1.0 
3 0.8 
Om $— 
Ze 0.6 a oO 
om go 
em = —_s_4+_* 
ye 0.4 b 
wo © 
S 
B= 02 
og 
2 = 
vo Vv 
QA 0.1 4 4 a — 4 
2.6 28 3.0 3.2 34 
1/T x 103 
Fig. 1. The observed decrement of optical 


density of ceric ion by irradiation for 
l hr., against the inverse absolute 
temperature at (a) 5.610°7/hr. and 
(b) 1.710% 7v/hr. For measuring, the 
sample was diluted to the suitable 
concentration, for convenience. 
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Fig. 2. The apparent activation energy 
of the reduction of cerous ion at various 
dose rates. 
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for one hour at 5.6x10° and 1.7x10°r/hr., 
among the observed values at various 
dose rate is plotted against inverse abso- 
lute temperature in Fig. 1. The value at 
higher dose rate was more reproducible 
than at the lower one owing to the prop- 
erty of this system. The decrement of 
the optical density, namely, the yield of 
cerous ion decreses with the increase of 
temperature as shown in Fig. 1. 

The interpretation of the result is not 
so easily given, for the various elementary 
reactions are surposed. According to 
Hardwick, the apparent activation energy 
is about —300cal./mol. at very low dose 
rate (600 millicurie radium source)”. 


Japan Atomic Energy Research Institute 
Tokai, Ibaraki-ken 


1) T. J. Hardwick, Can. J. Chem., 3, 23 (1952) 





Gas-Liquid Partition Chromaiography of 


m- and p-Xylenes on a-Naphthylamine 
By Takeo Araki and Ryozo Goto 
(Received November 27, 1959) 


Recently, Zlatkis, Ling and Kaufman” 
reported the resolution of isomeric xylenes 
by gas-liquid partition chromatography, 
and a good separation of m- and p-xylene 
was attained by using 1-chloronaphthalene 
as the liquid substrate. The isomers, m- 
and p-xylene have now been resolved. The 
stationary liquid phase used was a-naph- 
thylamine which is expected to show an 
ionic character similar to that of 1-chloro- 
naphthalene in the partition of xylenes. A 
value for the relative peak separtion” 
(Si2=0.085) for a-naphthylamine was better 
than the reported value for 1-chloro- 
naphthalene (S;.=0.060)”. 

Since a-naphthylamine is known to be 
quite unstable, the end of the column 
(approximately 7cm.) was packed with a 
bare solid support C-22 to maintain a 
stable base line. When ethylbenzene was 
present in the aromatic samples, this 
stationary liquid would not separate p- 


xylene from ethylbenzene. A chromato- 

1) A. Zilatkis, S. Ling and H. R. Kaufman, Anal. 
Chem., 31, 945 (1959). 

2) W. L. Jones and R. Kieselbach, ibid., 30, 1590 (1958). 
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Recorder response 


0 30 60 “90 120 min 
» Time 
Fig. 1. Chromatogram of aromatic hydro- 


carbon mixture. 

Column; 293cm.x6mm._ a-naphthyl- 
amine (32:100) w/w on C-22 firebrick 
(50~60 mesh) +7cm.x6mm. bare C-22 
firebrick (50~60 mesh) at the end of 
column. Temp., 87°C. 

Ne flow rate: 45.7 ml./min., 0.02 ml. of 
sample was charged. 


TABLE I. EXPERIMENTAL DATA OBTAINED 


Relative retention volume (toluene =1.00) at 87°C 


Benzene Toluene Ethylbenzene 
0.45 1.00 1.95 
p-Xylene m-Xylene o-Xylene 


1.97 2.13 2.76 
Relative peak separation S,.=0.085 (p-xylene and 
m-xylene). 
Resolution R=0.93 (p-xylene and m-xylene). 
Theoretical plate number (0-xylene); 2800 
Si2= (te-t,) /ti, R=(tz-Si2)/w 
where /¢,=elution time of first peak, 
t2=elution time of second peak, 
t,=elution time of given peak, 
w=peak width at base line. 


gram is illustrated in Fig. 1, and experi- 
mental conditions and data are listed in 
Table I. 

More detaitled information on this sub- 
ject will be published elsewhere. 


The authors wish to thank the support 
of Yawata Chemical Industry Co. for 
assembling the gas-chromatograph instru- 
ments used in this study. This work has 
been carried out by the Scientific Research 
Grant-in-aid of the Ministry of Education. 


Department of Chemistry 
Faculty of Science 
Kyoto University 
Sakyo-ku Kyoto 
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The Szilard-Chalmers Effect of Calcium 
and Tungsten Oxinates 


By Hiroshi Esinara and Kenji Yosuinara 
(Received September 30, 1959) 


The enrichment of radioactive calcium 
or tungsten by the Szilard-Chalmers 
process has not been successful so far. 
Bruno and Belluco” could not find the 
Szilard-Chalmers effect of calcium ethylene- 
diaminetetraacetate complex. The pres- 
ent authors found enrichment of “Ca and 
'°W during their studies on the Szilard- 
Chalmers effect of calcium and tungsten 
complexes of 8-hydroxyquinoline (oxine). 

n-Butylamine is the best solvent tested 
for calcium oxinate, but is water-miscible. 
A preliminary tracer study on the cation 
exchange behavior of *Ca as _ bivalent 


cation in the solvent showed a _ very 
high recovery (nearly 100%) of “Ca on 
the resin. Accordingly the ion-exchange 


in #-butylamine was used in order to catch 
*Ca in a cationic form leaving the oxinate 
in the solution. In each experiment about 
5.0g. of dehydrated calcium oxinate ir- 
radiated in JRR-1 for about 15 or 60hr. 
(neutron flux: 10''2/cm’-sec., about 95% 
thermal neutron) was dissolved in n-butyl- 
amine. The solution was passed through 
a cation exchange resin column (7.0 mm.¢@ 
x100 mm. of Diaion SK-1, H-form, 100~200 
mesh, 1.1ml./min.). After washing the 
column with a sufficient volume of n- 
butylamine and water, “Ca on the resin 
was eluted with 6Nn hydrochloric acid. 


Calcium was precipitated as phosphate 
TABLE I. SEPARATION OF “Ca BY THE 
SZILARD-CHALMERS EFFECT 

Ca found in Enrich- 
mrad. yvield** | 8, the somvake ment 
fraction* factor 
hr. 0 mg. mg. 
15 5.9 405 0.34 70 
15 8.3 405 0.28 120 
60 8.3 390 $.13 63 
60 7.0 399 6.75 41 
60 7.4 381 4.14 68 
60 8.3 376 6.61 47 


* The quantity of calcium was determined 
by the phosphate method. 

** Yield=the amount of *Ca in the cationic 
form/total amount of *Ca. 


1) M. Bruno and U. Belluco, Ricerca sci., 26, 2985 


(1956). 
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for the measurement of radioactivity. 
The results listed in Table I show that 
about 6~8% of *Ca is separated in a 
cationic form from the complex with an 
enrichment factor of 40~120. 

To investigate the Szilard-Chalmers 
effect of ‘°W, about 1.0g. of dehydrated 
tungsten oxinate irradiated in JRR-1 for 
about 15hr. was dissolved in 150ml. of 
chloroform, and the solution was shaken 
with the buffer solution of various pH 
values. Thus **°W separated from the 
complex by the Szilard-Chalmers effect 
was collected in the aqueous solution. 
The quantities of tungsten were determined 


colorimetrically. The results are listed 
in Table II. 
TABLE II. EXTRACTION OF '*W FROM 
TUNGSTEN OXINATE 
7 Ww W found in Enrich- 
°0 mg. mg. 
1.01 oe 38.0 0.24 59 
2.98 34.2 38.0 0.09 144 
4.02 7 38.0 0.07 196 
5.00 pe 38.0 0.06 233 
5.96 33.1 38.0 0.07 194 
7.01 33.9 38.0 0.93 429 
9.02 38.0 38.0 0.18 80 
10.06 44.0 38.0 0.39 43 


*** The quantity of tungsten was determined 
by the thiocyanate method. 


High enrichment factors were obtained 
in the pH range between 3~7, and the 
maximum enrichment factor was 429 at 
pH 7. The extraction yield was almost 
constant (34%) in this pH range. 


Division of Isotope Applications 
Japan Atomic Energy Research Institute 
Tokai, Ibaraki-ken 





‘Deuterium Content of the U.S. National 
Bureau of Standards Isotope 
Reference Samples 


By Yoshio Horise and 
Mituko KosBayaKAwa 


(Received October 30, 1959) 


Recently, there are many reports on 
the mass spectrometric determination of 
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natural abundance of deuterium in fresh 
and marine water. The authors have also 
measured deuterium content of marine 
water in the West Pacific and in the 
Antarctic and of spring water samples in 
Japan, using the Tokyo tap water collected 
on May 17, 1957 as the working standard. 
For the comparison of the authors’ results 
with others, it was necessary to determine 
the absolute deuterium content of their 
working standard precisely. 

Five standard water samples of known 
deuterium content were prepared by 
diluting heavy water sample with the 
Tokyo tap distilled water and protium 
oxide, and their deuterium content is 
shown in the second column of Table I. 
This method is similar to that described 
by Kirshenbaum”. A sample of water 
(about 20 mg.) was converted into hydrogen 
gas by means of modified zinc method”. 
A deuterium mass spectrometer of 60° 
sector type was used, and (HD), (H:) ratio 
was determined by plotting the ratio of 


TABLE I. DEUTERIUM CONTENT OF THE 
STANDARD TOKYO TAP WATER 
(WORKING STANDARD) . 


Standard Standard Tokyo 


tap water 


— cmon D atom % 
) 0.0149 0.0148; —0.00006* 
9 0.0139 0.0149,+0.00008 
14 0.0169 0.0149; +0.00008 
15 0.0153 0.0149,+0.00003 
16 0.0109 0.0148, +0.00008 


Mean 0.0148,+0.00005** 


* Average deviation. 
** Probable error. 


TABLE II. DEUTERIUM CONTENT OF THE 
U.S. NATIONAL BUREAU OF STANDARDS 
REFERENCE SAMPLES 


Deviation 
from the 


Sample* standard SMOW- D atom % 
: scale 

Tokyo tap 

water, % 
No. 1 0.21+0.16 — 4.76 0.0149,+0.0001 
(NBS-1) 
No. 1A 13.95+0.12 18.22 0.0128,+0.0001 
(NBS-1A) 
Difference 14.16 13.46 


steam condensate from the 
No. 1A: snow water 


* Sample No. 1: 
Potomac River water. 
from Yollowstone. 


1) I. Kirshenbaum, “ Physical Properties and Analysis 
of Heavy Water’’, McGraw-Hill Book Co., Inc., New 
York (1951), p. 382. 

2) T. Titani, Y. Horibe and M. Kobayakawa, Mass 
Spectroscopy (Shitsuryo Bunseki), 6, 27 (1956). 
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M/e=3 to M/e=2 against H» ion current, 
and extrapolating to zero H» ion current 
(zero pressure). The order of analyses on 
the mass spectrometer was standard water, 
working standard, working standard, and 
the same standard water. The results 
are summarized in Table I. 

The deuterium content of the reference 
samples of isotopic abundance supplied by 
the U.S. National Bureau of Standards 
was measured, using the same Tokyo tap 
water as the working standard. The 
results are shown in Table II, together 
with the value expressed in SMOW-scale 
suggested by Craig”. Difference of the 
deuterium content between two reference 
samples is 14.16%, which is 13.46 in SMOW- 
scale. Craig also pointed out that the 
relative enrichments of NBS-1A to NBS-1 
[(Ris—R,)/R: 100] measured by him and 
by the authors are as follows: 


The authors Craig 
14.13+0.23 —14.25+0.25 


The numbers agree perfectly: within the 
uncertainties indicated above”. 

The value given by Friedman in Mohler’s 
list? is 15.33, which is a little larger 
than the authors’, but the reason for the 
discrepancy is not clear. 


Depariment of Chemistry 
Tokyo Metropolitan University 
Setagaya-ku, Tokyo 


3) H. Craig, private communication. 

4) F. L. Mohler, ‘‘ Reference Samples of Isotopic 
Abundance. Revised List’’, U. S. National Bureau of 
Standards, Washington (1957). 





Sorption of Benzene by Isotactic and 
Atactic Polystyrenes 


By Hisashi Opani, Michio Kurata 
and Mikio Tamura 


(Received November 6, 1959) 


In recent years there has been much 
interest in the physical properties of 
stereo-specific synthetic polymers. The 
present authors have recently studied the 
absorption and desorption of benzene by 
three isotactic polystyrenes of different 
degrees of crystallinity and one atactic 
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polystyrene at 35°C. Sorption isotherm 
data have been obtained for these systems 
from both integral and differential kinetic 
runs*. 

An isotactic polystyrene (isotactic-PS) 
used a sample that had been prepared by 
stereo-specific polymerization with Ziegler’s 
catalyst. After the purified polymer had 
been boiled in heptane for thirty hours, 
the polymer was separated into isotactic 
and atactic fractions, by extracting the 
latter with cold methyl ethyl ketone. The 
isotactic-PS films were obtained by the 
same procedure reported elsewhere”. The 
polymer films of different degrees of 
crystallinity were then prepared by an- 
nealing these films at three different com- 
binations of temperature and _ period. 
These annealing conditions aresummarized 
in Table I, in which the degree of crystal- 
linity of each specimen estimated roughly 
by the X-ray method are also given. An 
atactic polystyrene (atactic-PS) sample 
used was a commercial sample, ‘‘ Lustrex 
hi-flow 77-234’’, and a benzene of A.R. 
grade was used as penetrant. The sorp- 
tion apparatus and _ procedure’ were 
practically the same as those reported 
elsewhere”. 


TABLE I. ANNEALING CONDITIONS AND DEGREES 
OF CRYSTALLINITY OF ISOTACTIC PS’s 


Annealing Degree of 
condition crystallinity 
Temp. Period 
Cc hr. 
Isotactic PS-I 120 2 0.08 
Isotactic PS-II 180 6.5 0.45 
Isotactic PS-III 160 1.3 0.50 
Fig. 1 gives absorption § isotherms 


obtained for the three isotactic-PS’s and 
for the atactic-PS at 35°C. Here the 
ordinate represents the mass of benzene 
in grams sorbed per gram of a given 
polymer at dry state and the abscissa the 
relative pressure of a given vapor in the 
external phase. It is seen that the iso- 
therm in the region of medium relative 
pressure is much steep for atactic-PS and 
becomes less steep with increase of crystal- 
linity for isotactic-PS’s. This feature is 
analogous to that for isotherms on systems 
water vapor-celluloses having different 


1) A. Kishimoto, H. Fujita, H. Odani, M. Kurata and 
M. Tamura, J. Phys. Chem., to be published. 

* The term “ differential’? was used to denote ex- 
periments in which the difference between initial and 
final pressures was sufficiently small, while the term 
“‘integral”’ referred to experiments in which this pres- 
sure difference was relatively large. 
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0 0.2 0.4 0.6 
> D/ Po 
Fig. 1. Absorption isotherms of isotactic 


PS’s and atactic PS-benzene at 35°C. 


Integral Differential 

absorption absorption 
Isotactic PS-I . © 
Isotactic PS-II Dd 
Isotactic PS-III ® s 
Atactic PS é 1B 


degrees of crystallinity”. It is also seen 
that the data from integral absorption 
experiments and those from differential 
ones fall well on a single curve for each 
system. 

For any given relative pressure the 
equilibrium amount of benzene in dry 
polystyrene decreases with increase in 
crystallinity. This suggests that benzene 
is mainly absorbed in amorphous regions 


of a given sample. If this is the case, 
there should hold 
(C.)i = (Ce)a 1-9) (1) 


where (C.), and (C,); are the equilibrium 
concentrations of benzene at a given rela- 
tive pressure in an atactic-PS and in an 
isotactic-PS in which the volume fraction 
of crystal region is 4, respectively. The 
values of @ may be calculated as a func- 
tion of relative pressure by applying Eq. 
1 to the data of Fig. 1. Within the range 
where the calculations are possible, ¢ is 
practically iidependent of pp for each 
isotactic-PS, giving an average value 
0.10;, 0.36; and 0.41, for the isotactic-PS-I, 


2) P.H. Hermans, “ Physics and Chemistry of Cellulose 
Fibers ’’, Elesevier, New York (1949), Part II, Chap. II. 
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-II and -III, respectively. It is interesting 
that these values are reasonably compared 
to the crystallinities of respective samples 
shown in Table I, which were estimated 
from the intensities of the X-ray diffrac- 
tion peaks. 


The authors wish to thank Professor 
H. Fujita and Dr. A. Kishimoto of this 
University for their helpful discussions. 
The isotactic polystyrene sample was 
supplied to them by Professor J. Furu- 
kawa of this University, to whom they 
express sincere thanks. 


Department of Industrial Chemistry 
Faculty of Engineering 
Kyoto University 
Sakyo-ku, Kyoto 





Intramolecular Hydrogen Bonding in 
a-Keto- and a-Alkoxy-carboxylic Acids” 


By Michinori Ox1 and Minoru Hirota 
(Received November 9, 1959) 


A number of hydroxylic compounds 
which carry a proton accepting group at 
a suitable position have been verified to 
form an intramolecular hydrogen bonding, 
but only a few examples of intramolecular 
hydrogen bonding involving the hydroxyl 
group of a carboxyl group as a proton 
donor have been known. The structure 
of a normal carboxyl group has_ been 
suggested to be non-planar, the O-H bond 
being 30° away from cis-planar conforma- 
tion”. However, when an acid has a 
proton accepting group at a- or §-position 
to the carboxyl group, the trans-structure 
will be stabilized owing to the formation 
of an intramolecular hydrogen bonding 
and will be allowed to exist in spite of 
the otherwise unfavorable conformation. 

R R 

Cc C H 
oO O Oo O 

H 


(1) cis-Structure (II) trans-Structure 


1) Part I: J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), in press. 

2) C. P. Smyth, “ Dielectric Behavior and Structure”’, 
McGraw-Hil! Book Co., Inc., New York (1955), p. 306. 

3) M. Oki and H. Iwamura, This Bulletin, 32, 567 
(1959). 
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In this regard, the infrared spectra of 
such compounds including monomethyl 
oxalate, pyruvic acid, methoxyacetic acid, 
phenoxyacetic acid, and their homologues 
were examined with a Perkin Elmer 112G 
Spectrophotometer in carbon tetrachloride 
solution”. The concentration of the solution 
was less than 0.002 mol./l. in order to 
minimize the effect of dimeric association. 
As summarized in Table I, the results 


TABLE I. vo_-y ABSORPTION OF THE CARBOXYL 
GROUP OF VARIOUS CARBOXYLIC ACIDS 


vo-u Absorption 
frequencies 


_ Free form Hisronen.. 
Ymax €max Ymax Emax 
Monomethyloxalate 3516.3 34 3461.1 72 
Monomethyl1 malonate 3529.9 58 
Pyruvic 3528.9 16 3430.7 69 
Acetoacetic 3530.7 60 
Benzoylformic 3504.2 22 3397.2 69 
Benzoylacetic 3535.4 63 
Methoxyacetic 3526.7 36 3395.8 31 
3-Methoxypropionic 3539.0 65 
Phenoxyacetic 3527.9 60 3484.7 34 


8-Phenoxypropionic 3531.7 68 


show that a carboxylic acid which carries 
a proton accepting group at a-position 
bear two vo-y bands. The results may 
be interpreted as an evidence for the 
existence of a hydrogen bonding and con- 
sequently for structure II. The peaks at 
higher frequencies appear between 3550 
and 3500cm~-! and are assigned to the 
vo-n bands of free monomeric acids. The 
peaks at lower frequencies can be assigned 
to the vo» bands of the intramolecularly 
hydrogen-bonded forms. It may be also 
pointed out that the intramolecular hydro- 
gen bonding is observed only when a five 
membered ring is formed (structure III). 


C—X 


O=C H 
O 
(IIT) 


Since the proton accepting power of an 
atom is largely influenced by the electron 
density, the authors expected some elec- 
tronic effects to be exerted on the hydro- 
gen bonding ability ; the spectra of various 
substituted phenoxyacetic acids were 
thus measured. The results are in accord- 
ance with the expectation, as shown in 
Table II, where apparent integrated 
absorption intensities of the two bands 
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TABLE II. vo-y ABSORPTION OF p-SUBSTITUTED 
PHENOXYACETIC ACIDS 


Hydrogen- 


— Free form bonded form — 
. ee lr 
CH.O 3527.7 1.28 3481.3 1.02 0.80 
CH, 3528.8 1.21 3484.5 0.96 0.79 
H 3526.9 1.54 3487.5 0.75 0.49 
Cl 3524.3 2.32 3492.9 0.74 0.32 
C.H;CO 3525.6 2.5 3495.6 0.25 0.10 
NO, 3521.8 Not found. 0 
* The ratio is a more important factor 


than the individual integrated intensity in 
discussing the properties of the bands, since 
the effect of the dimeric form can not be 
completely neglected. 


were obtained graphically instead of 
taking the absorption coefficient because 
of the closeness of the two bands. 

Another evidence for the existence of 
the hydrogen bonding may be obtained 
from the measurement of the carbonyl 
region. The measurement revealed that 
two bands are also found for the mono- 
meric acid when it carries a _ proton 
accepting group at the a-position and that 
the higher frequency absorption disappears 
when no hydrogen bonding is observed in 
the O-H stretching region. Thus, the peak 
at about 1790cm~' is assigned tothe vec-o 
band of structure II and that between 
1735 and 1730cm~' to structure I. 

The details will be reported in the near 
future. 
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Behavior of Energetic Radiobromine Atoms 
Arising from (n,7) Reaction in 
Cobalt Complex Salts 


By Nobufusa Sairo, Takeshi Tominaca 


and Hirotoshi Sano 
(Received November 10, 1959) 


In the course of the investigation on 
the behavior of hot radiobromine atoms 
(°™Br and “Br) in bromopentammine 
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cobalt complex salts’, the present authors 
found that some of such energetic radio- 
bromine atoms arising from (”,7) reaction 
either in ligand bromine or in anionic 
bromine eventually entered ligands of the 
complexes through formation of chemical 
bond with the cobalt atom. When solid 
complex salts, [Co(NH:;);Y|]Br2,; and 
[Co(en).Y.|]Br:,;, were irradiated, the 
fraction of total produced radiobromine 
finally retained in ligands (hereafter 
defined as ‘‘ ligand yield’’) was found to 
vary with changing ligand group, Y. In 
order to clarify the mechanism of hot- 
atom behavior of radiobromine in these 
systems, the present authors investigated 
the effects of various ligands on the ligand 
yields in these complex salts. 

Experimental procedures were similar to 
those described in the previous paper”. 
Distribution of radiobromine was deter- 
mined by a procedure involving separation 
with a cation exchange resin. 

As shown in Tables I and II, enrich- 
ment of radiobromine in ligands was 
observed with these complex salts. On 
the irradiation of the salts [Co(NH:;);Y]- 
Br2,;, several complexes labeled with 
Br* ((Co(NH:;)sBr*]°*, [Co(NH;),YBr*] !»?*, 
etc.) might possibly be produced through 
reactions of hot radiobromine atoms with 
the target complex. However, almost all 
labeled complexes other than [Co(NH:;);- 
Br*|** were extremely unstable to aquo- 
tization in aqueous solutions, and it was 
possible with adequate procedures of 
separation to obtain the ligand yield 
without appreciable contribution of yields 
in the forms of unstable labeled complexes, 
[(Co(NH;),YBr*]'»** etc. Therefore, the 
ligand yield in Table I may be taken as 
almost identical with the fraction of radio- 
bromine stabilized in the form of [Co- 
(NH;);Br*]**, or that obtained through 
replacement of Y by Br*. On the irradia- 
tion of the salts [Co(en).Y.]Br,,;, the 
probability of replacement of ethylenedi- 
amine in ligands seemed to be very small. 
Thus, the ligand yield in Table II may be 
taken as indicating the fraction of radio- 
bromine in the form of [Co(en),.YBr*]!»2*. 
It is interesting that no significant differ- 
ences were observed between the ligand 
yields of cis- and trans-isomers of both 
[Co(en)2(NCS).| Br and [Co(en)-.Cl,] Br. 

To explain the relationship between 
ligand yield and Y, the present authors 
proposed a model in which collisions of 


1) N. Saito, H. Sano and T. Tominaga, This Bulletin, 
33, 20 (1969). 
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TABLE I. LIGAND YIELD OF SOLID [Co(NH3)sY]Brz,3 


Irradiated salt Ligand yield™ Enrichment factor 


0 


Z 
° 


x 10° 

10 
< 10? 
x10 
x 10° 
< 10? 
< 10° 

10° 
< 10? 


+0. 
+0. 


+0. 


Co(NHs3).6] Brs 
[Co(NH3);NCS]Bre 
[Co(NH3);NOze] Bre 
Co(NH;);OH2]Brs 
Co(NH;);ONO]Bre 
Co(NH;);ONO2] Bre 
[Co(NH3;);F] Bre 
Co(NH;);Cl] Br» 
[Co(NHs);I] Bre 
[Co(NH;);Br] Bre 
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Activity of Br* retained in ligands 
Total activity of Br* produced 


a) Ligand yield x 100 


TABLE II. LIGAND YIELD OF SOLID [Co(en):Y2]Bry,s 
Irradiated salt Ligand yield Enrichment factor 

[Co(en);]Brs 0.0+0.1 

trans-[Co(en)2(NH2)2]Brs 0.8+0.1 0.8 = 10° 
trans-[Co(en)2(NCS)2] Br .5+0.2 5 10° 
cis-[Co(en)2(NCS)e2]Br 5.0+0.1 d 102 
irans-(Co(en)2Clo] Br 16.6+0.3 é 108 
cis-[Co(en)2Cl.|] Br 17.9+0.3 é 10% 
trans-(Co(en)2Br2|Br 37 i+t2 ~- 


TABLE III. CALCULATED VALUES OF 7 FOR 
THE DONOR ATOM IN Y IN A COLLISION 
WITH A HOT BROMINE ATOM 

Y Donor atom 7=4MM'/(M-+M')?* 
NH;, NCS, NOz N .50 
OH:, ONO, ONO, .56 

F J .64 

Cl .85 

I 

Br .00 


3 


2] Br, 3 


~ 
ur 


hot bromine atom with the donor atom 
in Y played an important role. When the 
masses of the donor atom in ligand Y, 
and of bromine atom are M and WM’, 
respectively, the fraction of the maximum 
possible loss in the recoiling energy of a 
hot bromine atom for an elastic collision 
with the donor atom is given by y=4MM'/ 
(M+M')*. Calculated values of 7 for 
donor atoms in different ligands, Y, are TY) as io 
shown in Table III. Fig. 1 shows the : a i oe. : 
relationship between the ligand yield and 7=4'MM/(M+ M')? 

the 7 value for the complex salts listed Fig. a The relationship between the 
in Tables I and II. As each complex ligand yield and the value of 7. 
molecule of the salts [(Co(en).Y.] Br:,: - tiny a 

contains =_ore Y’s in ligands than that * The shape ‘of this curve was theoret- 
of [(Co(NHs)sY]Br2,;, the probability of ically predicated on the basis of the 
the collision of a hot bromine atom with model proposed by the present authors. 
Y may be somewhat larger for the former Details will be published elsewhere. 


_ 
S 


Ligand yield of |(Co(NHs3);Y|Bre 
Ligand yield of [Co(en).Y 


ur 
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salts. Based on the crystallochemical 
data, the ratio of relative collision cross 
sections of a bromine atom with Y in 
ligands was estimated as about 1.5:1 for 
{Co(en),Y.] Brand [Co(NH;);Y] Bro. There- 
fore, different ligand yield scales were 
used for the two series in Fig. 1 where 
both are shown together. It is seen in 
Fig. 1 that the ligand yield seems to in- 
crease as the value of 7 of the donor atom 
in ligand Y increases: the efficiency of 
replacement of Y by hot bromine depends 
mainly on 7. Therefore, it may be 
presumed that the kinetic processes play 
an important role to determine the fate 
of hot bromine atoms in these systems. 
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Electronic Structure and Antifungal Activity 
of Quinoline- and Pyridine-N-oxide 


Derivatives 


By Kenichi Fuxur, Akira Imamura 
and Chikayoshi Nacata 


(Received December 9, 1959) 


Many studies have ever been undertaken 
in order to elucidate the mechamism of ac- 
tion of fungicides or antifungal substances. 
Albert et al., through the experiments on 
8-hydroxyquinoline, concluded that a 
chelate formation may be involved in the 
process of fungicidal action”. Ikeda found 
some parallelism between the reduction 
potential and the fungicidal activity of 
1,4-naphthoquinone derivatives and as- 
sumed that the binding ability of fungicides 
with SH group in the body of fungi may 
be the main factor determining the fungi- 
cidal activity”. 

For the purpose of the elucidation of 
the reaction mechanism involved in the 
early stage of fungicidal action of quino- 
line- and pyridine-N-oxide derivatives, the 
present authors have calculated the reac- 
tivity indexes, namely, the approximate 


1) A. Albert, S. D. Rubbo, R. J. Goldacre and B. G. 
Balfour, Brit. J. Exptl. Path., 28, 69 (1947). 

2) N. Ikeda, J. Pharm. Soc. Japan (Y akugaku Zasshi), 
75, 1073 (1955). 
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superdelocalizability (S’,) which is one of 
the reactivity indexes used in the frontier 
electron theory and proved to be a good 
index for discussing the biological actions 
of carcinogenic compounds and plant 
growth compounds’. 

Result and Discussion.—In the present paper 
the authors dealt with N-oxides containing 
the nitro group such as 4-nitroquinoline- 
N-oxide,  6-nitroquinoline-N-oxide,  4,6- 
dinitroquinoline-N-oxide, 4-chloro-6-nitro- 
quinoline-N-oxide, 4-nitropyridine-N-oxide, 
and 2-methy1-4-nitropyridine- N-oxide whose 
antifungal activities were tested recently 
by Okabayashi et al.» 

From an organic chemical point of view, 
the most probable reaction is the nucleo- 
philic replacement of the nitro group, 
since this group is very susceptible to the 
attack by nucleophilic reagent. If any 
reaction of this type plays a dominant role 
in the fungicidal action, the order of 
antifungal activity must be parallel with 
the reactivity index of the attacked posi- 
tion. The result of the authors’ calculation 
supports this assumption. That is, the 
order of approximate superdelocalizability 
for the nucleophilic attack (S’“) at the 
most reactive position in the molecule is 


nearly parallel with antifungal activity as 


is seen in Table I. The signs and — 
indicate the degree of antifungal activity. 
The larger the number of ~— sign is, the 
greater the activity is. The sign — in- 
dicates that the compound has no activity. 
One exception is inactive 4, 6-dinitroquino- 
line-N-oxide whose S'‘*? value at position 
4 is far larger than the most potent fungi- 
cide, 4-nitro-quinoline-N-oxide. In order 
to obviate this difficulty, one can assume 
that the upper threshold value of reac- 
tivity index for occurrence of activity as 
well as the lower one might exist. Such 
an interpretation has frequently been made 
in the theoretical study of biological 
phenomena, for instance, the carcinogenic 
action of polycondensed aromatic hydro- 
carbons and azo compounds. Inactiveness 
of 4,6-dinitroquinoline-N-oxide, therefore, 
may be understood if the authors suppose 
that this compound is so reactive that it 
would react with various groups in the 
body of fungi before it reaches the reac- 
tion center connected with the fungicidal 
action. 


3) C. Nagata, K. Fukui, T. Yonezawa and Y. Tagashira, 
Cancer Research, 15, 233 (1955). 

4) K. Fukui, C. Nagata and T. Yonezawa, J. Am. 
Chem. Soc., 80, 2267 (1958). 

5) T. Okabayashi, J. Fermentation Tcchnology (Hakké 
Kégaku Zasshi), 31, 373 (1953). 
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TABLE I. RELATION BETWEEN REACTIVITY 
INDEX AND ANTIFUNGAL ACTIVITY OF 
QUINOLINE- AND PYRIDINE-N-OXIDE 
DERIVATIVES 


Approximate 
superdelocaliza- 4 i titungal 
Compound bility for yr ere 
nucleophilic 5 : 
(S,'“N2) attack 
NO, 
NOx. A, 4 
l 1.014(4)** 
N 
O 
NO, 
Po e 
| 0.630(4) 
NZ 
NO, 
Y 
I | 0.297 (4) 
N/ 
O 
NO, 
Ya 
I | 0.279(4) 
N7\CH3 
O 
Cl 
NOn AY / 
f YY 0.205 (6) 
ZN? 
O 
NOx AY, A 
f | | 0.168 (6) 
GN 
O 


* The antifungal activity was tested for 
Aspergillus oryzae, Tolura utilis, Saccharo- 
myces sake and Zygosaccharomyces soja by 
Okabayashi, and the signs + and are 
given by the present authors considering the 
experimental activity. 

** The figures in the parentheses indicate 
the position at which the nucleophilic sub- 
stitution is assumed to take place. 


On the other hand, Okabayashi’s in vitro 
experiment showed that the nitro group 
of 4-nitroquinoline-N-oxide was easily sub- 
stituted by the SH group of cystein and 
the substituted compound lost its anti- 
fungal activity. Bearing this fact in 
mind together with the theoretical result 
obtained by the present authors, it may 
be possible to correlate the easiness of 
nucleophilic substitution at the carbon 
atom to which the nitro group is attached 
with the antifungal activity of nitro group- 
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containing quinoline- and _ pyridine-N- 
oxides. 

Parameters for chloro, methyl and nitro 
groups used in the calculation are the 
same as those of a previous paper”. 
Since there seem to exist no unambiguous 
values used for Coulomb integrals of N- 
oxide, the present authors adopt, according 
to the result of analyses of the ultraviolet 
spectrum”, the values a~3 and a+1.88 
for nitrogen and oxygen, respectively. 


Faculty of Engineering 
Kyoto University 
Sakyo-ku, Kyoto 


6) M. Ito and W. Mizushima, J. Chem. Phys., 24, 495 


(1956) 





Synthesis of N-Acetyl-O-benzyl-DL-threonine 


and O-Benzyl-L-threonine 


By Yasuhiro Murasse*, Kenji Okawa 


and Suiro AKABORI 
(Received December 11, 1959) 


Difficulties are encountered in the syn- 
thesis of the peptides containing serine or 
threonine owing to the presence of the 
hydroxyl group that induces an unexpected 
side reaction during the synthetic proce- 
dure. 

In order to avoid an undesirable side 
reaction, one of the authors” had already 
synthesized O-benzyl-.-serine in which the 
free hydroxyl group was protected with 
the benzyl rest. 

In this communication, the authors will 
describe the synthesis of the O-benzyl- 
t-threonine from WN-acetyl-pi-threonine, 
which was prepared by the direct acetyla- 
tion of the pi-threonine with the acetic 
anhydride method. 

Synthesis of N-Acetyl-DL-threonine [II].—pL- 
Threonine (12g.) was dissolved in 200ml. of an 
aqueous solution containing sodium carbonate 
(13.5¢g.). Into the above solution was added 
dropwise acetic anhydride (12 g.) under vigorous 
stirring at +5°C. After the addition was over, 
the stirring was continued for about 39 min. at 
room temperature. When the reaction was over, 


* Takamine Laboratory, Sankyo Co., Ltd., Shinagawa- 
ku, Tokyo. 
1) K. Okawa, This Bulletin, 29, 486 (1956). 
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CH OH CH; OH m 
CH (AcO):0 CH (_ —CH.—Br 
CH Na,CO;__ CH in liq NH;—Na 
H.N COOH H;C—CO—HN COOH 
{I [II] 
HC o—cH.—¢ Y HC O—cH:—¢ 
CH = CH = 
CH Taka-acylase : es 
H,C—-CO—-HN COOH H.N COOH 
O-benzyl-L-threonine 
{IIL} [IV] 
HC o—cH.—¢ SY 
CH = 
CH 
H,C--CO—HN COOH 


N-acetyl-O-benzyl-D-threonine 
[Vv] 


about 100ml. of Dowex 50 (H-form) was added 
to the reaciton mixture under stirring until the 
evolution of the carbon dioxide ceased. The 
resulting mixture was passed through the Dowex 
50 (H-form) ion exchange column (7 cm** 30cm.). 
By elution with water, the effluent was collected 
and concentrated in vacuo. The resulting syrupy 
materials were crystallized with ethylacetate. 
The crude products weighed 14g., 87% yield. 
The recrystallization from ethylacetate contain- 
ing alcohol gave a pure material (12.9 g.) in 80% 
vield, m. p. 132~133°-C. 

Anal. Found: C, 44.73; H, 6.96; N, 8.78. Calcd. 
for C.H;,0,N: C, 44.75; H, 6.88; N, 8.70%. 

N-Acetyl-O-benzyl-DL-threonine [II1].— N-Ace- 
tyl-DL-threonine (8.5g.) was dissolved in liquid 
ammonia (200 ml.), followed by portionwise addi- 
tion of methallic sodium (2.3g.) at —60-C. After 
benzylbromide (18g.) was added into the above 
solution, the reaction vessel was taken out from 
the cooling Dewar’s bottle; then the temperature 
of the reaction mixture raised to —28 C and am- 
monia was gradually evolved off at this tempera- 
ture for 2.5hr. The resulting mixture was dis- 
solved in an aqueous solution of sodium bicar- 
bonate, the aqueous solution extracted with ether 
being acidified with 6N hydrochloric acid. The 
crystals produced were extracted with ethylace- 
tate, and the organic layer was washed with water 
and dried. By removing the solvent, the crude 
product (2.0 g.) was obtained in 16%, yield. Recrys- 
tallization from hot water gave a pure material 
(1.3g.), m. p. 141~142°C. 

Anal. Found: C, 61.69; H, 6.67; N, 541. Calcd. 
for C,3Hi70,N: C, 62.13; H. 6.82; N, 5.57%. 

Optical Resolution of N-Acetyl-O-benzyl-DL- 
threonine.—Preparation of enzyme solution.—Taka- 
diastase (1g.) was extracted with 10 ml. of water 
at 0°C. for 2hr. and an insoluble part was filtered 
off using Cellite. The crude enzyme solution was 
used for the resolution without further purifica- 
tion. 

Enzymic resolution of N-acetyl-O-benzyl-DL-threo- 
nine. -- N-Acetyl-O-benzyl-derivative (lg.) was 


dissolved in an aqueous solution of 2N sodium 
hydroxide containing a slight excess of sodium 
hydroxide which brought the solution to pH 7.4. 
The above enzyme solution, together with the 
substrate, was incubated at 36.5°C for 24 hr. 
After incubation was over, the mixture was 
passed through the Amberlite IR-120 column (H- 
form). By the first elution with water, the 
acidic component was removed off, and then the 
amino acid component was liberated by the second 
elution with an aqueous 1N ammonia (about 150 
ml.). The latter eluate collected was concentrated 
in vacuo. The resulting product was dissolved in 
a small amount of hot water, boiled for 10 min. 
to remove the contaminant and filtered. The 
filtrate was concentrated and dried in vacuo. 
The residual weighed about 330 mg., 79% yield. 
Crystallization from hot water gave fine crystals 
of O-benzyl-L-threonine which melted at 197°C 
with decomposition. [a]§°—3.04(c=1, 1N HCl). 
Anal. Found: C, 57.61; H, 7.62; N, 6.31. Calcd. 
for C,,H;;03;N-H:O: C, 58.13; H, 7.54; N, 6.16%. 
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Molecular Configuration of Poly(m-methyl- 
styrene) and Poly( p-trimethylsilylstyrene) 


By Isamu Nitta, YOzO CuHaATANI 
and Yoshiaki Saxata* 


(Received October 19, 1959) 


Syntheses and infrared studies of poly- 
(m-methylstyrene) (PMMS) and poly(?p- 
trimethylsilylstyrene) (PPTMSS) have 
already been reported by Murahashi, 
Nozakura and Tadokoro”. In this com- 
munication, molecular configuration of 
these polymers will be reported on the 
basis of X-ray diffraction evidence. 

The fiber period calculated from the 
layer line spacing is 57.1 A for PMMS and 
60.6 A for PPTMSS. And by taking photo- 
graphs of tilted specimens, axial maximum 
intensity on the 29th layer line was 
observed (see Fig. 1). The repeat distance 
of successive monomers along the fiber 





Fig. 1. Fiber diagrams of X-ray diffraction 
patterns. 
Left: Poly (m-methylstyrene) 
Right: Poly(-trimethylsilylstyrene) 
Upper: The axis of specimen is vertical. 
Lower: The axis of specimen is inclined 


at about 23° to the vertical. 
* Present address: Yatsushiro Laboratory, Kokoku 
Rayon and Pulp Co., Ltd., Yatsushiro-shi, Kumamoto. 
1) S. Murahashi, S. Nozakura and H. Tadokoro, This 
Bulletin, 32, 534 (1959). 
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axis (1.97A for PMMS and 2.09A for 
PPTMSS) is much shorter than 2.53A 
found in the case of fully extended chain 
of singly linked carbon atoms. Therefore, 
it would be appropriate to conclude that 
these polymers construct uniform helices 
in their crystalline regions, indicating one 
of characteristic features of isotacticity. 
To analyze further the helical structure, 
the authors used the method of Cochran 


TABLE I 
(PMMS) PPT MSS) 
[* [** n\*** | I n 
0 Ss 0 0 $ 0 
1 11 1 13 
2 7 2 mu 3 
3 m 4 3 10 
4 14 4 u 6 
5 ms 2 5 7 
6 8 6 9 
7 10 7 ms 4 
8 S 1 8 12 
9 12 9 1 
10 mw 6 10 14 
11 5 11 s 2 
2 13 12 11 
13 ms 2 13 ) 
14 9 14 8 
15 9 15 8 
16 z 16 S 
17 13 17 11 
18 5 18 vu 2 
19 6 19 - 14 
20 12 20 u l 
21 u 1 21 12 
22 10 22 4 
23 8 23 9 
24 3 24 7 
25 14 25 6 
26 4 26 10 
27 7 27 3 
28 11 28 13 
29 m 0 29 m 0 
30 11 30 13 
31 7 31 3 
32 4 oe 10 
3 14 33 6 
34 3 34 7 
35 8 35 9 
36 - 10 36 4 
37 vw 1 37 12 
38 - 12 38 u 1 
39 6 39 14 
40 5 40 2 


* Index of the layer. 
** Estimated average intensity of the layer. 
*** Order of the Bessel function. 
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and others”. Taking the fiber axis as the 
c axis and using cylindrical coordinates 
R,¢,l/c in the reciprocal space, the 
structure factor of a helical molecule can 
be given as follows: 
F(R, gl Cc) > > D fi Jn(22Rr;) 
I n 


xexp-1 n(y -0; ry 


(1) 


1) 
2z1z;/c l 


where 7j;,¢;,z; represent the cylindrical 
coordinates of the j-th atom of a monomer, 
and /J,’s are Bessel functions, the order 
of which are to be obtained properly for 
the reflexions on each layer line 7 by 
solving the equation ; 


l=un-vm (n, m; integers) (2) 


where wu and v are, respectively, the 
number of turns and that of monomers in 
the repeat distance. 

Trial consideration** on various possibe 
types of helices shows that the helix of 
8 turns (w=8, v=29) for PMMS and 9 turns 
(w=9, v=29) for PPTMSS will be taken 
as to account qualitatively for average 
intensity of each layer line (see Table I). 
The helical model thus obtained seems to 
be quite reasonable, because, from the 
observed value of fiber period and the 
assumed 1.54A of the C-C single bond 
length, the standard tetrahedral angle 
(109.5°) comes out in the permissible region 
of C-C-C bond angle calculated for the C 
helix. Moreover, the region of intense 
reflexions conforms to the properties of 
the selected Bessel function for each layer 
line. After all such considerations the 


2) W. Cochran. F. H.C. Crick and V. Vand, Ac/a 
Cryst., 8, 581 (1952). 

From Eq. 1, it is shown that on a particular layer 
line a strong reflexion can occur ina region where R is 
small only if the corresponding Bessel function is of a 
low order, so long as a helix dose not take too large a 


value of any 7;. 
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a) 

Fig. 2. Chain configuration of the molecule 
(side and end views of right-handed helix 
only two turns drawn). 

a) Poly(m-methylstyrene), R=C,H,CH, 
b) Poly(p-trimethylsilylstyrene), 
R’ = C,H,Si(CHs) 


authors are led to the probable configura- 
tion shown in Fig. 2. Although precise 
orientations of side groups have not been 
determined from _ such _ considerations 
alone, it would be imagined reasonable 
that the plane of phenyl radical is so 
inclined as to be influenced by steric 
hindrances of neighboring hydrogen atoms. 


The authors wish to express their thanks 
to Professor S. Murahashi, Dr. S. Nozakura 
and Dr. H. Tadokoro for the supply of 
the specimens and the discussion. 
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